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| nt roducti on?

Cadmiumis a relatively rare elenment that is not essential for any
bi ol ogi cal process in plants or animals. It occurs mainly as a conmponent of
mnerals in the earth’s crust at an average concentration of 0.18 ppm (Babich
and Stotzky 1978). Cadmumlevels in soils usually range from approxi mately
0.01 to 1.8 ppm (Lagerwerff and Specht 1970). |In natural fresh waters,
cadmi um soneti mes occurs at concentrations of less than 0.01 wug/L, but in
environnents inpacted by nman, concentrations can be several mcrograns per
liter or greater. Cadmiumcan enter the environnment from various
ant hr opogeni ¢ sources, such as by-products from zinc refining, coa
conbustion, mne wastes, electroplating processes, iron and steel production
fertilizers and pesticides (Hutton 1983).

The inmpact of cadmi um on aquatic organi sns depends on a variety of
possi bl e chem cal forms of cadm um (Callahan et al. 1979), which m ght have
different toxicities and bi oconcentration factors. |In nost well oxygenated
fresh waters that are low in total organic carbon, free divalent cadm umwil|
be the predomi nant form Precipitation by carbonate or hydroxi de and
formati on of sol uble conpl exes by chloride, sulfate, carbonate, and hydroxide
shoul d usually be of little inportance. 1In salt waters with salinities from
about 10 to 35 g/ kg, cadm um chl oride conpl exes predom nate. 1In both fresh
and salt waters, particulate matter and di ssolved organic material may bind a
substantial portion of the cadm um

Because of the variety of forms of cadm um (Callahan et al. 1979) and
lack of definitive information about their relative toxicities, no available
anal ytical measurement is known to be ideal for expressing aquatic life
criteria for cadmum Previous aquatic life criteria for cadm um (U. S. EPA
1980) were expressed in terns of total recoverable cadm um (U. S. EPA 1983a),
but this measurement is probably too rigorous in sonme situations. Mre
recently, U 'S. EPA (1985) expressed cadmiumcriteria as acid-sol ubl e cadm um
(operationally defined as the cadm umthat passes through a 0.45 um menbrane

filter after the sanple is acidified to pH=1.5t0 2.0 with nitric acid).

L An under standi ng of the “CGuidelines for Deriving Numerical Nationa
Water Quality Criteria for the Protection of Aquatic O ganisns and Their Uses”
(Stephan et al. 1985), hereafter referred to as the CGuidelines, is necessary
in order to understand the follow ng text, tables, and cal cul ati ons.
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The criteria presented herein supersede previous aquatic life water
quality criteria for cadmium (U. S. EPA 1976, 1980, 1985, 1995, 1999a) because
these new criteria were derived based on the nost recent literature. Wenever
adequately justified, a national criterion may be replaced by a site-specific
criterion (U S. EPA 1994a), which may include not only site-specific criterion
concentrations (U S. EPA 1994b), but also site-specific durations of averaging
peri ods and site-specific frequencies of allowed exceedences (U S. EPA 1991).
Al'l concentrations are expressed as cadm um not as the chem cal tested. The
latest literature search for information for this docunment was conducted in
June, 1999; sone newer information was al so used.

Acute Toxicity to Aquatic Aninals

Acceptabl e data on the acute effects of cadmumin freshwater are
avai l abl e for 43 species of invertebrates, 27 species of fish, one sal amander
speci es, and one frog species (Table 1). Although many factors m ght affect
the results of tests of the toxicity of cadm umto aquatic organi sns (Sprague
1985), water quality criteria can quantitatively take into account only
factors for which enough data are avail able to show that the factor simlarly
affects the results of tests with a variety of species. Hardness is often
t hought of as having a major effect on the toxicity of cadm um although the
observed effect may be due to one or nore of a nunber of usually interrel ated
i ons, such as hydroxi de, carbonate, calcium and nagnesium Hardness is used
here as a surrogate for the ions which affect the results of toxicity tests on
cadmi um

Acute tests were conducted at three different |evels of water hardness
wi t h Daphni a nagna (Chapman et al. Manuscript), denonstrating that daphnids
were at |least five tines nore sensitive to cadmumin soft than hard water
(Table 1). Data in Table 1 also indicate that cadm umwas nore toxic to the
tubi ficid worm Li modrilus hoffreisteri, Ceriodaphnia reticulata, Daphnia
pul ex, chi nook sal non, gol dfish, fathead m nnow, green sunfish, striped bass
and bluegill in soft than in hard water. Qher species tested at different
hardness levels (e.g., rainbow trout) did not show the sane consistent water
hardness to acute toxicity relationship as discussed above, possibly due to
differences in the various test conditions. Carroll et al. (1979) found that
cal cium but not nagnesium reduced the acute toxicity of cadm um

O her water quality characteristics could potentially influence the



toxicity of cadmumto aquatic species. Gesy et al. (1977) found that

di ssol ved organi cs substantially reduced the toxicity of cadm umto daphnids,
but had little effect on its toxicity to fish. No consistent relationship
between toxicity and organic particle size was observed. Devel opnent of the
“biotic ligand nodel” (BLM- fornerly the “gill nodel”) in recent years has
attenpted to better account for the bioavailability of nmetals to aquatic life.
The BLM which quantifies the capacity of netals to bind to the gills of
aquatic organi snms, can be used to cal cul ate the bioavail able portion of

di ssolved netals in the water colum based on site-specific water quality
paraneters such as alkalinity, pH and dissolved organic carbon (U S. EPA
1999b). Future devel opnent of the BLMfor cadmumwi Il help better quantify
t he bi oavail able fraction of cadm um

A tendency for increasing resistance to toxicity with increasing size or
age has been reported (Table 1) in the snails, Amicola sp. (Rehwol dt et al
1973) and Physa gyrina (Wer and Walter 1976), the coho sal non (Chapman 1975),
and the comon carp (Suresh et al. (1993). No such effect was observed with
i ncreasing age (Table 1) in the cl adoceran, Daphnia nagna (Stuhl bacher et al
1993), the rainbow trout (Chapman 1975, 1978), or in the striped bass (Hughes
1973; Pal awski et al. 1985). Data are unavailable for a sufficient nunber of
species and life stages to all ow general adjustnent of test results or
criteria on the basis of size or life stage. Were relationships were
apparent between |ife-stage and sensitivity, only values for the nost
sensitive |ife-stage were consi dered.

Currently, the primary quantitative correlation used to nodify netal
toxicity estimates is water hardness (viz. the USEPA 1984 water quality
criteria for cadmum. Hardness (as cal cium or magnesi umions) al nost
certainly has sone direct effect on cadmumtoxicity (e.g. by influencing
menbrane integrity), but it also serves as a general surrogate for pH
al kalinity, and ionic strength, because waters of higher hardness usually have
hi gher pH, alkalinity, and ionic strength.

Al t hough past water quality criteria for cadm um (and ot her netals) have
been establi shed upon the | oosely defined termof “acid soluble netals,” U.S.
EPA made the decision to allow the expression of netal criteria on the basis
of dissolved nmetal (U.S. EPA 1994), operationally defined as that netal that
passes through a 0.45 micron filter. Because nost of the data in existing

dat abases are fromtests that were either nom nal concentrations, or provided



only total cadm um nmeasurenments, sone procedure was required to estimate their
di ssol ved equivalents. U S. EPA evaluated the data on dissolved-tota

rel ati onshi ps fromexisting data, and then had a nunber of tests conducted
under conditions (static, flowthrough, fed, and unfed) that typified standard
acute and chronic toxicity tests fromwhich criteria are derived. These
studi es were used to derive conversion factors (CFs) (Stephan 1995; Lussier et
al . 1995; Univ. of Wsconsin-Superior 1995). For certain nmetals |ike cadm um
these CFs are hardness dependent.

Based upon the results of these studies, acute freshwater total cadm um
concentrations were converted to dissolved concentrations using the factor of
0.97 at a total hardness level of 50 ng/L as CaCQO;, 0.94 at a total hardness
level of 100 my/L as CaCO; and 0.92 at a total hardness |evel of 200 ng/L as
CaCO; Acute saltwater total cadm um val ues were converted to dissol ved using
the factor of 0.994. For the final criterion values, conversion fromtotal to
di ssol ved was used because hardness rel ati onshi ps were established based upon
total cadm um concentrations as this mnimzed the nunber of conversions
requi red, and because of the uncertainty of the conversion factor in tests
reporting acute toxicity at higher cadm um concentrations. |In cases where
only dissol ved cadm um was reported in freshwater, conversion to total used
t he sane appropriate factor

To account for the apparent relationship of cadm umacute toxicity to
hardness, an anal ysis of covariance (D xon and Brown 1979; Neter and \WAsser man
1974) as noted in the guidelines (Stephan 1985) was performed using the
Statistical Analysis System (SAS Inc., Cary, NC) software programto cal cul ate
t he pool ed sl ope for hardness using the natural |ogarithm of the acute val ue
as the dependent variable, species as the treatnment or grouping variable, and
the natural |ogarithm of hardness as the covariate or independent vari able.
The pool ed slope is a regression slope froma pool ed data set, where every
variable is adjusted relative to it's mean. The species are adjusted
separately, then pooled for a single conventional |east squares regression
anal ysis. The slope of the regression line is the best estimte of the
all -species rel ationship between toxicity and hardness. Wth analysis of
covari ance, different species will be weighted relative to the nunber of data
points they have. 1In this case, the fathead m nnow has 29 data points out of
the total of 69, and the next npbst frequent species has just 6 data points.

Thi s anal ysis of covariance nodel was fit to the data in Table 1 for the



10 species for which definitive acute values are avail able over a range of
hardness such that the hi ghest hardness is at |east three tines the | owest,
and the highest is also at |east 100 ng/L higher than the | owest (other
species in Table 1 either did not nmeet these criteria or did not show any
hardness-toxicity trend due to differences in exposure nethods, species age,
etc.). For D. magna, only acute toxicity tests that were initiated with | ess
than 24-hr ol d neonates were used to estimate the hardness slope. For the
striped bass, the data from Rehwol dt et al. (1972) were not used because the
data were too divergent. The slopes for all 10 species ranged fromO0.1720 to
1.535, and the pooled slope for these 10 species was 0.9931 (see Table 1b).
An F-test was used to test whether a nodel with separate species slopes for
each species gives significantly better fit to the data than the nodel with
paral l el slopes. This test showed that the separate slopes nodel is not
significantly better, and therefore the slopes are not significantly different
than the overall pooled slope (P=0.66). The slopes and confidence intervals
associated with the 10 species indicated that D. magna (all avail abl e dat a)
had a very flat slope and a | arge confidence interval (and | arge standard
error). If only the D. magna data from Chapman et al. (Mnuscript) were used,
the resultant D. magna slope was 1.1824, with smaller confidence intervals
than for the all D. magna slope. |If this reduced data set is used (al
speci es but using only data from Chapnan et al. (Mnuscript) for D. nagna),
t he pool ed sl ope for these species was 1.2049 (see Table 1b). The test for
equality of the 10 slopes using the reduced data set (all species but only
Chapman D. magna data) produced P=0.99. It therefore is reasonable to assune
that the slopes for these 10 species are the sane, and that the overall slope
is a reasonable estimte of the average rel ati onshi p between hardness and
toxicity. Either p value indicated that it was reasonable to assune that the
sl opes were the sanme, however, the second nodel was considered the better
nodel and was therefore selected. The pooled slope of 1.2049 is close to the
slope of 1.0 that is expected on the basis that cadm um cal cium nagnesium
and carbonate all have a charge of two. A plot of the acute effect |evel
(EC50 or LC50) versus total hardness is provided in Figure 1.

The potential for a back-transformation bias associated with the
har dness sl ope adj ustnment has been noted by Newran (1991). However, the bias
di scussed by the author reviews bias for single species in |east squares

regression, rather than ANCOVA used here, so it is not clear how bi ases may
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accunul ate (or cancel) with conbi ned species and a conbi ned sl ope.

The pool ed sl ope of 1.2049 was used to adjust the freshwater acute
values in Table 1 to hardness = 50 ng/L, except where it was not possible
because no hardness was reported. Species Mean Acute Val ues (SMAV) were
cal cul ated as geonetric nmeans of the adjusted acute values. As stated in the
gui del i nes (Stephen 1985), flowthrough neasured study data are given
preference over non-fl owthrough data for a particular species. 1In certain
cases flowthrough neasured results were avail able, yet preference was given
to the sensitive life stage for certain species in calculating SMAVs. Only
data from Chapman (1975) were used for coho sal mon and only data from Rehwol dt
et al. (1972) were used for the common carp to avoid using test results from
studies in which the life stage tested is known to be | ess sensitive, or in
which the life stage tested is unreported and the higher LC50s may be due
primarily to the use of less sensitive |ife stages. The avail able acute
values for U inbecilis, striped bass and brook trout covered a w de range.
The data for Palawski et al. (1985) were used for striped bass because they
were considered better data than those given in U S. EPA (1985), although the
data from Hughes (1973) support the newer data. Only sone of the Keller
unpubl i shed data were used to calculate the SMAV for U inbecilis. The data
for brook trout were not used in the calculation of the Final Acute Val ue.
Drummond and Benoit (Manuscript) reported that stress greatly affected the
sensitivity of brook trout to cadm um

The SMAV for freshwater invertebrates ranged from 12.00 pg/L tota
cadm um for the nussel, Anodonta coupierana to 78,579 pg/L total cadm um for
the m dge, Chirononus riparius. O the fish species tested, the brown trout,
Salnmo trutta, had the | owest SMAV of 1.656 pg/L total cadm um and the
tilapia, Oeochrom s nossanbica, recorded the highest fish SMAV of 11,861 pg/L
total cadmium As indicated by the data, both invertebrate and fish species
di splay a wide range of sensitivities to cadm um

Fi sh species represent eight of the nine nost sensitive species to
cadm um (Table 3). Salnmonids (Salnmo trutta, Oncorhynchus kisutch
Oncor hynchus nyki ss, and Oncorhynchus tshawytscha) are four of the five nost
sensitive species listed in Table 1, and thus are nore sensitive to cadm um
than any other freshwater animal species thus far tested (Chapman 1975, 1978,
1982; Cusinmano et al. 1986; Davies et al. 1993; Finlayson and Verrue 1982;

Phi pps and Hol conmbe 1985; Spehar and Carl son 1984a,b). The nussel, Anodonta
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coupi erana, is the sixth nost sensitive species to cadm um and thus the nost
sensitive invertebrate species tested thus far (Keller Unpublished).

Genus Mean Acute Val ues (GQVAV) at a hardness of 50 ng/L were then
calcul ated (Table 3) as geonetric nmeans of the avail abl e freshwater Species
Mean Acute Val ues and ranked. O the 59 genera for which acute val ues are
avai | abl e, the npbst sensitive genus, Salno, is over 47,451 tines nore
sensitive than the nost resistant, Chirononus. The first through fourth nost
sensitive genera (and a total n of 59 were considered) in the conmputation of
the final acute value. Because there are 59 GVAVs, the four |owest GVAVs were
sel ected as being closest to the fifth percentile of toxicity, even though the
second through the sixth values were also equally as close to the fifth
percentile. The sensitivity of these four nost sensitive genera are within a
factor of 7.2, and except for the fourth genus (Anodonta), all are fish. O
the ten nost sensitive genera, seven are fish, one is a nmussel, one is a
cl adoceran, and one is a bryozoan (Figure 2; Table 3). Hardness-adjusted
acute values are available for nore than one species in 10 genera, and the
range of SMAVs within each genus is less than a factor of 4.0 for eight of the
10 genera. The ninth genus, Ptychocheilus, has two SMAVs that differ by a
factor of 146, possibly due to differences in the test conditions between
species. The tenth genus, Mrone, has SMAVs that differ by a factor of 2,954,
but only the nbst sensitive species was used because the two species val ues
are too divergent to use for the genus val ue.

The freshwater Final Acute Value (FAV) for total cadm um at a hardness
of 50 ng/L was calculated to be 5.995 pg/L total cadm umfromthe Genus Mean
Acute Values in Table 3 using the procedure described in the Guidelines. The
Speci es Mean Acute Values for four salnonids and the striped bass are | ower,
but the acute value for the brown trout and striped bass are fromstatic
tests, whereas flowthrough nmeasured tests have been conducted with the
remai ning three salnonid species. The freshwater Final Acute Value for tota
cadm um at a hardness of 50 ng/L was lowered to 4.296 wg/L to protect the
i nportant rainbowtrout (Table 3). This value is above the SMAV of 1.656 pg/L
for the brown trout and 2.535 for striped bass, but below all other SMAVs
listed in Table 3 (Figure 2). The resultant freshwater Criterion Maxi num
Concentration (CMC) at a hardness of 50 ng/L for total cadmium (in wg/L) =

g(1.205[In(hardness)]-3.949) |t {he OMC based on total cadnium values is

converted to dissolved cadmi umusing the 0.97 factor at a hardness of 50 ng/L
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determ ned by EPA (Stephan 1995; Lussier et al. 1995; Univ. of Wsconsin-

Superior 1995), the freshwater CMC for dissolved cadmium (in pg/L) = 0.97

[ e(1-205[In(hardness)]-3.949)1 = Th,s, the 2.1 wg/L OMC for dissol ved cadmi um at

a hardness of 50 ng/L is below all of the SMAVs but the brown trout presented
in Table 3 (Figure 2).

Tests of the acute toxicity of cadm umto saltwater organi snms have been
conducted with 50 species of invertebrates and 11 species of fish (Table 1).
The SMAVs for saltwater invertebrate species range from41.29 ug/L for a nysid
to 135,000 wg/L for an oligochaete worm (Tables 1 and 3). The acute val ues
for saltwater polychaetes range from?200 ug/L for Capitella capitata to 14,100
ug/ L for Neanthes arenaceodentata (Reish and LeMay 1991), but the | arvae of C
capitata are 38 tinmes nore sensitive than the adults. Saltwater nolluscs have
Speci es Mean Acute Values from 227.9 ug/L for the Pacific oyster to 19,170
wg/ L for the nud snail.

Frank and Robertson (1979) reported that the acute toxicity to juvenile
bl ue crabs was related to salinity. The 96-hr LC50s were 320, 4,700, and
11,600 wg/L at salinities of 1, 15, and 35 g/kg, respectively. The LC50 at
the very low salinity is in Table 6 and was not used in deriving criteria.
Studies with Anericanysis bahia (fornmerly Mysidopsis bahia) by Gentile et al
(1982) and Nnmmo et al. (1977a) al so support a rel ationship between salinity
and the acute toxicity of cadmum O Hara (1973a) investigated the effect of
tenperature and salinity on the toxicity of cadmumto the fiddler crab. The
LC50s at 20°C were 32, 300, 46,600, and 37,000 wug/L at salinities of 10, 20,
and 30 g/ kg, respectively. Increasing the tenperature from20 to 30°C | owered
the LC50 at all salinities tested. Toudal and Riisgard (1987) reported that
increasing the tenperature from13 to 21°C at a salinity of 20 g/kg al so
| owered the LC50 value of cadmumto the copepod, Acartia tonsa.

Saltwater fish species were generally nore resistant to cadnmi umthan
freshwater fish species with SMAVs ranging from 75.0 wug/L for the striped bass
(at a salinity of 1 g/kg) to 50,000 wg/L for the sheepshead mnnow. In a
study of the interaction of dissolved oxygen and salinity on the acute
toxicity of cadmumto the numr chog, Voyer (1975) found that the 96-hr LC50
at a tenperature of 18-20°C and a salinity of 32 g/kg was about one-half what
it was at 10 and 20 g/kg. Sensitivity of the numm chog to acute cadm um
poi soni ng was not influenced by reduction in dissolved oxygen concentration to

4 mg/L. This increase in toxicity with increasing salinity conflicts with
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other data reported in Tables 1 and 6.

O the 54 saltwater genera for which acute values are available, the
nost sensitive, Americanysis, is 3,270 tines nore sensitive than the nost
resi stant, Monopyl ephorus (Table 3). Acute values are available for nore than
one species in each of seven genera, and the range of Species Mean Acute
Val ues within each genus is no nore than a factor of 3.6 for six of the seven
genera. The seventh genus, Crassostrea, has two SMAVs that differ by a factor
of 16.7, possibly due to different exposure conditions between species. Only
the data from Reish et al. (1976) were used for Capitella capitata, only data
fromMartin et al. (1981) and Nelson et al. (1976) were used for Mytilus
edulis, only data fromSullivan et al. (1983) were used for Eurytenora
affinis, only data fromCripe (1994) were used for Penaeus duorarum and only
data fromPark et al. (1994) were used for Rivulus marnoratus to avoid using
test results fromstudies in which the life stage tested is known to be | ess
sensitive or in which the life stage tested is unreported and the hi gher LC50s
may be due primarily to the use of less sensitive |life stages. The
sensitivities of the four nost sensitive genera differed by a factor of 2.7,
whi ch includes two nysids, the striped bass and the American | obster

The saltwater Final Acute Value for total cadm um cal culated fromthe
Genus Mean Acute Values in Table 3 is 80.55 wug/L. This Final Acute Value is
bel ow t he SMAV for the nysid, Msidopsis bigelow (110 wg/L), but is
aproxi mately three percent above the Anerican |obster (78 ug/L), approximately
seven percent higher than the striped bass (75.0 ug/L), and approxi mately 95
percent above the SMAV for the nysid, Anericanysis bahia (41.29 ug/L,
geonetric nmean of two fl owthrough neasured tests). The resultant saltwater
Criterion Maxi mum Concentration (CMC) for total cadmiumis 40.28 ug/L (FAV/2
or 80.55 wg/L/2). If the total cadm um CMC is converted to dissolved cadm um
using the 0.994 factor determ ned experinmentally by EPA, the saltwater CMC for
di ssol ved cadmiumis 40.03 wug/L. The resultant 40.03 wg/L CMC for dissol ved
cadmumis below all of the saltwater SMAVs presented in Table 3 (Figure 3).

Chronic Toxicity to Aquatic Aninals

Acceptabl e chronic toxicity tests have been conducted on cadm umin
freshwater with 21 species, including seven invertebrates and 14 fishes in 16

genera. Several related values are in Table 6. Anmong the unused values in



Table 6, a 21-day Daphnia magna test in which the test concentrations were not
measur ed, Biesinger and Christensen (1972) found a 16 percent reduction in
reproduction at 0.17 wg/L. Bertramand Hart (1979) and Ingersoll and W nner
(1982) found chronic toxicity to Daphnia pulex at |less than 1 and 10 ug/L,
respectively. The 200-hr LC10 of 0.7 wg/L obtained with rai nbow trout (Table
6) by Chapman (1978) probably would be close to the result of an early life-
stage test because of the extent to which various life stages were

i nvestigated. Effects on other sal nonids and nmany invertebrates have been
observed at 5 ug/L or less (Table 6). These species include deconposers

(G esy 1978), protozoans (Fernandez-Leborans and Noville-Villajes 1993

Ni eder | ehner et al. 1985), Ceriodaphnia dubia (Wnner 1988; Zuiderveen and
Birge 1997), D. magna (Enserink et al. 1993; Wnner and Wiitford 1987),

zoopl ankt on (Lawrence and Hol oka 1987), crayfish (Thorp et al. 1979),

anphi pods (Borgmann et al. 1991; Phipps et al. 1995), copepods and annelids
(Gesy et al. 1979), mdges (Anderson et al. 1980), and mayflies (Spehar et
al. 1978).

An acceptable C. dubia seven-day static-renewal toxicity test was
conducted by Jop et al. (1995) using reconstituted soft |aboratory water. The
<24-hr old neonates were exposed to 1, 5, 10, 19 and 41 wg/L neasured cadm um
concentrations in addition to a laboratory water control at 25°C. The NOEC
and LOEC were 10 and 19 pg/L cadm um respectively, with a resultant chronic
val ue of 14 ug/L cadmium (Table 2).

The effects of water hardness on the toxicity of cadmumto D. magna was
eval uated by Chapnman et al. (Manuscript) under static-renewal conditions at a
tenperature of 20 x2°C. As part of the experinmental design, the tota
hardness | evel was adjusted to either 53, 103 or 209 ng/L (as CaCQG;)) in three
di stinct tests. Daphnids were individually exposed to six neasured cadm um
concentrations (exposures ranged fromO0.15 to 22.1 wg/L cadm um anong t he
three tests) and a control (0.08 wg/L cadmium for 21 days. Based on an
anal ysis of variance hypothesis testing procedure, they reported reproductive
(mean nunber of young per adult) chronic values of 0.1523, 0.2117 and 0.4371
ug/ L cadm um at hardness | evels of 53, 103 and 209 ng/L, respectively (Table
2). These sanme data were al so subjected to a regression analysis procedure,
whereby the 20 percent reproductive (nmean nunber of young per adult)

i nhi bition concentration (1C20) was estinmated for each hardness level. The
resultant |1 C20 val ues were 0.07, 0.23 and 0.33 wg/L cadmum for the 53, 103
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and 209 ng/L hardness |levels, respectively. Overall, the results obtained by
the two different procedures are sinilar

The effect of cadm umon the reproduction strategy of D. magna was
i nvestigated by Bodar et al. (1988b). After a 25-day exposure of the 12 + 12-
hr old neonates to O (control), 0.5, 1.0, 5.0, 10.0, 20.0 and 50 wg/L cadm um
at 20 + 1°C, the authors conpared the survival, nunber of neonates per fenale,
first day of reproduction and neonate size of the cadm um exposures to the
controls. The 25-day reproductive NOEC was 5.0 wg/L cadmium and the
reproductive LCEC was 10.0 pg/L cadmium However, a nore sensitive endpoint
was the length of the 5'" and 6'" broods of neonates, where the 25-day NOCEC and
LCEC were estimated to be 0.5 and 1.0 wg/L cadm um respectively. The
resul tant chronic value was 0.7071 ug/L cadm um (Table 2).

Borgman et al. (1989) also investigated the effect of cadm um on D
magna reproduction. The 21-day static-renewal test was conducted at 20°C
usi ng nmeasur ed exposure concentrations of 0.22 (control), 1.86, 4.10, 7.78 and
22.9 pg/L cadmium Reproduction was significantly reduced at the | owest
nmeasured exposure concentration of 1.86 ug/L cadmium Thus, the reproductive
NCEC and LOEC were <1.86 and 1.86 wg/L cadm um respectively, with a chronic
val ue of <1.86 wg/L cadm um (Table 2).

Brown et al. (1994) exposed 270-day ol d rai nbow trout to cadnm um under
flowthrough conditions for 65 weeks using borehole water with a tota
hardness of 250 ng/L (as CaCQG;). Mean cadm um concentrations during the
exposure of adult fish were 0.47 (control), 1.77, 3.39 and 5.48 wg/L. After
65 weeks of exposure, the three nost mature males and fenal es were sel ected
fromeach treatnment, anesthetized and striped of their ganmetes when possible,
with the mlt and ova conbined in a bucket. The fertilized eggs from each
treatment group were then divided into four approximately equal -sized
subsanpl es and exposed for seven weeks in 30-liter aquaria under flowthrough
conditions to nomnal concentrations of 0 (control), 2.0, 5.0 and 8.0 wg/L
cadmium Second generation fry devel opment was significantly affected when
the parents were exposed 1.77 wg/L cadm um but not when exposed to 0.47 ug/L
cadmium However, second generation enbryo survival for all groups was |ess
than 60 percent, which may have influenced the fry devel opnent effect |evels.
A nore representative endpoint was the ability of the first generation adults
to reach sexual maturity, with a statistically derived NOEC and LCEC of 3.39

and 5.48 wg/L cadmium The resultant chronic value was 4.310 wg/L cadm um
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(Table 2).

Brown et al. (1994) al so exposed two-year old brown trout to cadm um
under flowthrough conditions for 95 weeks using the same borehol e water.

Mean cadm um concentrations during the exposure of adult fish were 0.27
(control), 5.13, 9.34 and 29.1 ug/L. After 60 weeks of exposure, the three
nost mature males and femal es were selected fromeach treatnent, anesthetized
and striped of their gametes, with the mlIt and ova conbined in a bucket. The
fertilized eggs fromeach treatnment group were then divided into four

approxi mately equal -si zed subsanpl es and exposed for 50 days in 30-liter
aquaria under flowthrough conditions to cadm um concentrations simlar to
those in which the parents were exposed. After the 90 week exposure, the
survival NCEC and LOEC were 9.34 and 29.1 ug/L cadm um respectively, with a
resul tant chronic value of 16.49 ug/L cadm um (Table 2).

A 32-day fathead minnow early life stage toxicity test was conducted by
Spehar and Fi andt (1986) under flowthrough conditions using sand filtered
Lake Superior dilution water (Table 2). They reported a chronic value of 10.0
wug/ L cadm um which when coupled with their 96-hour LC50 of 13.2 wg/L cadm um
gi ves an acute-chronic ratio of 1.320.

Cope et al. (1994) exam ned the subl ethal responses of juvenile
bl uegill s exposed to cadm um under flowthrough conditions at an average tota
hardness of 134 ng/L (as CaCQO;) and tenperature of 21.7°C. The fish were
exposed to a control (0.02 wg/L cadm un) and seven neasured cadm um
concentrations that ranged from2.8 to 32.3 ug/L. At the end of the 28-day
test, test fish survival or growmh was not adversely affected, resulting in a
NCEC of >32.3 ug/L cadmium and a chronic value of >32.3 ug/L cadm um (Tabl e
2).

I ngersoll and Kenbl e (unpublished) investigated the chronic toxicity of
cadmumto the anphi pod Hyal ella azteca. The organi sms were exposed under
fl owthrough nmeasured conditions at a nmean tenperature of 23°C and a tota
hardness of 280 ng/L (as CaCGO)), and a 3-m nyl on nmesh substrate was provided
during the test. The seven- to eight-day ol d anphi pods were exposed to water
only mean total cadm um concentrations of 0.10 (control), 0.12, 0.31, 0.51
2.0 and 3.5 wg/L for 42 days. The nost sensitive endpoint was survival, wth
an NOEC and LOEC of 0.5 and 2.0 wg/L cadm um respectively, after both 28 and
42 days of exposure. The resultant chronic value was 1.000 pg/L total cadm um
(Table 2).
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I ngersoll and Kenbl e (unpublished) al so exposed the m dge Chirononus
tentans to cadmi um under the same conditions |isted above for the anphipod,
except that a thin 5 m layer of sand was provided as a substrate. The <24-hr
old | arvae were exposed to water only nean neasured total cadm um
concentrations of 0.15 (control), 0.50, 1.5, 3.1, 5.8 and 16.4 ng/L for 20
days. The nmean wei ght, bionmass, percent energence and percent hatch endpoints
all had 20-day NCEC and LOEC values of 5.8 and 16.4 ng/L cadm um respectively
(Table 2). The resultant chronic value was 9.753 pg/L total cadm um

Chroni c values are avail able over a wi de range of hardness for two
species (Table 2). To account for the apparent rel ationship of cadm um
chronic toxicity to hardness, an analysis of covariance (sane as the anal ysis
performed on the acute data) was perforned to cal cul ate the pool ed sl ope for
hardness using the natural |ogarithmof the chronic value as the dependent
variabl e, species as the treatnment or grouping variable, and the natura
| ogarithm of hardness as the covariate or independent variable. This analysis
of covariance nodel was fit to the data in Table 2 for the two species for
whi ch definitive chronic values are avail abl e over a range of hardness such
that the highest hardness is at |least three tinmes the | owest, and the highest
is also at |east 100 ng/L higher than the | owest (other species in Table 2
either did not neet these criteria or did not show any hardness-toxicity trend
probably due to differences in exposure mnethods, species age, etc.). The
sl opes for the two species ranged fromO0.9786 to 1.003, and the pool ed sl ope
for these two species was 0.9917 (Table 2b). A plot of the chronic effect
| evel versus total hardness is provided in Figure 4.

The sl ope of 0.9917 was used to adjust each chronic value to a hardness
of 50 nmg/L. Cenerally, replicate adjusted chronic values for a species agreed
wel |, as did values for species within a genus. The two values for Atlantic
salnon are very different, but one agrees well with the value for the other
tested species in the sane genus. Twenty-one Species Mean Chronic Val ues were
then cal cul ated, and fromthese, the sixteen Genus Mean Chronic Val ues were
cal cul ated and ranked (Tabl e 3b).

A freshwater Final Chronic Value was cal cul ated fromthe sixteen Genus
Mean Chronic Val ues using the procedure used to calculate a Final Acute Val ue.
Thi s approach seened appropriate since a nunber of chronic tests have been
conducted with a large variety of species. Thus, the freshwater Final Chronic
Val ue for total cadmumis 0.0861 wg/L at a hardness of 50 ng/L, and the Fina
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Chronic Value (in wpg/l) = e(O. 9917[ In(har dness)] - 6. 332) _

the Final Chronic value is 0.0809 wg/L (0.94 x 0.0861 pg/L) at a hardness of
0. 94 [ e( 0.9917[ In( har dness)] - 6. 332)] )

For di ssol ved cadm um

50 ng/L, or = At a hardness of 50 ng/L, al
Genus Mean Chronic Val ues are above the dissolved Final Chronic Value (Figure
5).

Anot her option for calculating the Final Chronic Value is to use the
Fi nal Acute-Chronic Ratio in conjunction with the Final Acute Value. However,
the acute-chronic ratios ranged from0.9021 for the chinook salnmon to 433.8
for the flagfish (greater than a factor of ten), with other values scattered
t hroughout this range (Tables 2c and 3). These ratios do not seemto follow
any of the patterns (Table 3) recommended in the guidelines, and so it does
not seem reasonable to use a freshwater Final Acute-Chronic Ratio to calculate
a Final Chronic Val ue.

Three chronic toxicity tests have been conducted with the saltwater
i nvertebrate, Anericanysis bahia, formerly classified as Mysidopsis bahia
(Table 2). Nmo et al. (1977a) conducted a 23-day life-cycle test at 20 to
28°C and salinity of 15 to 23 g/kg. Survival was 10 percent at 10.6 wg/L, 84
percent at the next |ower test concentration of 6.4 wg/L, and 95 percent in
the controls. No unacceptable effects were observed at 6.4 ug/L or any | ower
concentration. The chronic toxicity limts, therefore, are 6.4 and 10.6 ug/L,
with a chronic value of 8.237 pug/L. The 96-hr LC50 was 15.5 wug/L, resulting
in an acute-chronic ratio of 1.882.

Anot her life-cycle test was conducted on cadm umw th Anericanysis bahia
under different environnental conditions, including a constant tenperature of
21°C and salinity of 30 g/kg (CGentile et al. 1982; Lussier et al. Manuscript).
Al'l organisns died in 28 days at 23 wg/L. At 10 wg/L a series of
nor phol ogi cal abberati ons occurred at the onset of sexual maturity. Externa
genitalia in males were abberant, females failed to devel op brood pouches, and
bot h sexes devel oped a carapace malformation that prohibited nolting after the
rel ease of the initial brood. Although initial reproduction at this
concentration was successful, successive broods could not be born because
molting resulted in death. No malformations or effects on initial or
successi ve reproductive processes were noted in the controls or at 5.1 ug/L.
Thus, the chronic limts for this study are 5.1 and 10 ug/L for a chronic
val ue of 7.141 pg/L. The LC50 at 21°C and salinity of 30 g/ kg was 110 wg/L

which results in an acute-chronic ratio of 15.40 fromthis study.
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These two studies showed excel | ent agreenent between the chronic val ues
but consi derabl e di vergence between the acute val ues and acute-chronic rati os.
Several studies have denpnstrated an increase in acute toxicity of cadm um
wi th decreasing salinity and increasing tenperature (Table 6). The observed
differences in acute toxicity to the nysids mght be explained on this basis.
Ni o et al. (1977a) conducted their acute test at 20 to 28°C and salinity of
15 to 23 g/ kg, whereas the other test was performed at 21°C and salinity of 30
o/ kg.

A third Americanysis bahia chronic study was conducted by Carr et al
(1985) at a salinity of 30 g/kg, but the tenperature varied from 14 to 26°C
over the 33 day study. At test term nation, >50 percent of the organi snms had
died in cadm um exposures >8 ug/L. After 18 days of exposure, growh in the 4
ug/ L treatnment group, the | owest exposure concentration was significantly
reduced when conpared to the controls. The resultant chronic limts for this
study are <4 and 4 wg/L cadmum Acute data were not presented by the
aut hors. The | ower chronic value observed for this study as conpared to the
two studi es described above nmay have been due to unexpected tenperature
fluctuations over the study period (mechanical problens).

CGentile, et al. (1982) also conducted a life-cycle test w th another
nmysi d, Mysidopsis bigelowi, and the results were very simlar to those for A
bahia. Thus, the chronic value was 7.141 pug/L and the acute-chronic ratio was
15. 40.

Because they covered such a wi de range, it would be inappropriate to use
any of the available freshwater acute-chronic ratios in the calculation of the
saltwater Final Chronic Value. The two saltwater species for which acute-
chronic ratios are avail able (Table 3) have Species Mean Acute Values in the
same range as the saltwater Final Acute Value, and so it seens reasonable to
use the geonetric nean of these two ratios. Wen the saltwater Final Acute
Val ue of 80.55 wg/L is divided by the nmean acute-chronic ratio of 9.106, a
saltwater Final Chronic Value of 8.846 ug/L is obtained, or 8.793 ug/L
di ssol ved cadmi um (0.994 x 8.846 ug/L).

Toxicity to Aquatic Plants

Thirty-three acceptable tests are available with freshwater plant
speci es exposed to cadm um which |lasted from4 to 28 days (Table 4). Gowh

reduction was the major toxic effect observed with freshwater aquatic plants,
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and several values are in the range of concentrations causing chronic effects
on animals. The influence that plant growth media m ght have had on the
toxicity tests in unknown, but is probably mnor at least in the case of
Conway (1978) who used a nedium patterned after natural Lake M chi gan water.
Because the |l owest toxicity values for fish and invertebrate species are | ower
than the | owest values for plants, water quality criteria which protect
freshwater animals should al so protect freshwater plants.

Toxicity values are available for five species of saltwater diatonms and
two speci es of macroal gae (Table 4). Concentrations causing fifty percent
reductions in the growth rates of diatons range from60 wg/L for Ditylum
brightwelli to 22,390 ug/L for Phaeodactylumtricornutum the nost resistant
to cadmium The brown macroal ga (kel p) exhibited m d-range sensitivity to
cadmium with an EC50 of 860 ug/L. The nost sensitive saltwater plant tested
was the red al ga, Chanpia parvula, with significant reductions in the growh
of both the tetrasporophyte plant and femal e plant occurring at 22.8 wg/L.
This plant is nore resistant than the chronically nost sensitive ani mal
species tested. Therefore, water quality criteria for cadm umthat protect
sal twater animals should al so protect saltwater plants.

Bi oaccumul ati on

Bi oconcentration factors (BCFs) for cadmiumin fresh water (Table 5)
range from3 for brook trout muscle (Benoit et al. 1976) to 6,910 for the soft
tissue of the snail Viviparus georgianus (Tessier et al. 1994b). Usually,
fish accunmul ate only small anmounts of cadm umin nuscle as conpared to nost
other tissues and organs (Benoit et al. 1976; Sangal ang and Freenen 1979).

Al so, cadmumresidues in fish reach steady-state only after exposure periods
greatly exceedi ng 28 days (Benoit et al. 1976; Sangal ang and Freeman 1979).
Daphni a magna, and presumably other invertebrates of about this size or
smal l er, often reach steady-state within a few days (Pol doski 1979). Cadm um
accunul ated by fish fromwater is elimnated slowy (Benoit et al. 1976:
Kumada et al. 1980), but Kunada, et al. (1980) found that cadm um accunul at ed
fromfood is elimnated nuch nore rapidly. |If all variables, except
tenperature, were kept the sane, Tessier et al. (1994a) found that increased
exposure tenperatures generally increased the soft tissue bioconcentration

factor observed for the snail, Viviparus georgi anus, but not for the nussel
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Elliptio conplanata. Pol doski (1979) reported that hum c acid decreased the
upt ake of cadmi um by Daphni a magna, but Wnner (1984) did not find any effect.
Ramanmoort hy and Bl umhagen (1984) reported that fulvic and hum c acids
i ncreased uptake of cadm um by rai nbow trout.

The only BCF reported for a saltwater fish is a value of 48 froma 21-
day exposure of the nmunmm chog (Table 6). However, anmpong ten species of
i nvertebrates, the BCFs range from22 to 3,160 for whole body and from5 to
2,040 for muscle (Table 5). The highest BCF was reported for the polychaete,
Ophryotrocha di adema (Kl ockner 1979). Al though a BCF of 3,160 was attai ned
after sixty-four days exposure using the renewal technique, tissue residues
had not reached steady-state.

BCFs for four species of saltwater bivalve nolluscs range from 113 for
t he bl ue nussel (George and Coonbs 1977) to 2,150 for the eastern oyster
(Zaroogi an and Cheer 1976). In addition, the range of reported BCFs is rather
| arge for sone individual species. BCFs for the oyster include 149 and 677
(Table 6) as well as 1,220, 1,830 and 2,150 (Table 5). Simlarly, two studies
with the bay scallop resulted in BCFs of 168 (Eisler et al. 1972) and 2,040
(Pesch and Stewart 1980) and three studies with the blue nussel reported BCFs
of 113, 306, and 710 (Tables 5 and 6). GCeorge and Coonbs (1977) studied the
i nportance of netal speciation on cadm um accumulation in the soft tissues of
Mytilus edulis. Cadm um conpl exed as Cd- EDTA, Cd-al gi nate, Cd-humate, and Cd-
pectate (Table 6) was bioconcentrated at twice the rate of inorganic cadm um
(Table 5). Because bivalve nolluscs usually do not reach steady-state,
conpari sons between species may be difficult and the | ength of exposure may be
the major determinant in the size of the BCF

BCFs for five species of saltwater crustaceans range from22 to 307 for
whol e body and from5 to 25 for nuscle (Tables 5 and 6). N nmm et al. (1977b)
reported whol e-body BCFs of 203 and 307 for two species of grass shrinp,
Pal aenonetes pugio and P. vulgaris. Vernberg et al. (1977) reported a factor
of 140 for P. pugio at 25°C (Table 6), whereas Pesch and Stewart (1980)
reported a BCF of 22 for the sane species exposed at 10°C, indicating that
tenperature mght be an inportant variable. The commercially inportant
crustaceans, the pink shrinp and | obster, were not effective bioaccumnul ators
of cadmumwi th factors of 57 for whole body and 25 for nuscle, respectively
(Tables 5 and 6).

Mal | ard ducks are a native wildlife species whose chronic sensitivity to
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cadm um has been studied. These birds can be expected to ingest many of the
freshwater and saltwater plants and animals listed in Table 4. Wite and
Finley (1978a,b) and Wiite et al. (1978) found significant damage at a cadm um
concentration of 200 ng/kg in food for 90 days. D Gulio and Scanlon (1984)
found significant effects on energy netabolismat 450 ng/ kg, but not at 150
ng/ kg. These are concentrations which woul d cause damage to nallard ducks.
More recent information may be avail able, but these data would not have been
identified during the literature search conducted for this update.

The bi oaccunul ation data provided in this docunment is for information
purposes only. Calculation of a Final Residue Value for cadmumw ||l not be

presented at this tine.

QO her Data

A nunber of the values in Table 6 have al ready been di scussed. Wen
possi bl e, the freshwater acute effect concentration has been adjusted to a
hardness of 50 using the pool ed slope. Cadm um binding proteins were isolated
from Anpeba proteus (Al -atia, 1978, 1980) and rai nbow trout (Roberts et al
1979). The cumul ative nortality resulting fromexposure to cadm um for nore
than 96 hours is clearly evident fromthe studi es wi th phytopl ankton (Findlay
et al. 1996; Fargasova 1993), duckweed (Qutridge 1992), protozoa (N ederlehner
1985), zoopl ankton (Law ence and Hol oka (1987), snails (Spehar et al. 1978),
zebra nmussels (Kraak et al. 1992), crayfish (Thorp et al. 1979),
macr oi nvertebrates (G esy et al. 1979), polychaetes (Reish et al. 1976),
bi val ve nol I uscs, crabs, and starfish (Ei sler and Hennekey 1977), scall ops,
shrinmp, and crabs (Pesch and Stewart 1980), and a nysid (CGentile et al. 1982;
Ninmo et al. 1977a).

Nimmo et al. (1977a) in studies with the nysid, Anericanysis bahia,
reported a 96-hr LC50 of 15.5 pug/L (Table 1) and a 17-day LC50 of 11 ug/L
(Table 6) at 25 to 28°C and salinity of 15 to 23 g/kg. |In another series of
studies with this nysid (Gentile et al. 1982), the 96-hr LC50 was 110 ug/L
(Table 1) and the 16-day LC50 was 28 ug/L (Table 6) at 20 °C and salinity of
30g/ kg. These data suggest that short-termacute toxicity mght be strongly
i nfl uenced by environnmental variables, whereas long-termeffects, even
nortality, are not.

Consi derabl e i nformati on exi sts concerning the effect of salinity and

tenperature on the acute toxicity of cadmum Unfortunately, the conditions
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and durations of exposure are so different that adjustnent of acute toxicity
data for salinity is not possible. Rosenberg and Costlow (1976) studied the
synergistic effects of cadm umand salinity conmbined with constant and cycling
tenperatures on the | arval devel opnment of two estuarine crab species. They
reported reduction in survival and significant delay in devel opnment of the
blue crab with decreasing salinity. Cadmumwas three tines as toxic at a
salinity of 10 g/kg than at 30 g/kg. Studies with the mud crab resulted in a
simlar cadmumsalinity response. |In addition, the authors report that
cycling tenmperature may have a stimulating effect on survival of |arvae
conpared to constant tenperature.

Theede et al. (1979) investigated the effect of tenperature and salinity
on the acute toxicity of cadmiumto the colonial hydroid, Laonmedea |oveni. At
17.5 °C cadmi um concentrations inducing irreversible retraction of half of the
pol yps ranged from12.4 nug/L at a salinity of 25 g/kg to 3.0 ug/L at 10 g/ kg
(Table 6). At a tenperature of 17.5°C, the toxicity of cadm umincreased as
salinity decreased from25 g/kg to 10 g/ kg.

A simlar acute toxicity-salinity relationship was observed by Hall et
al . (1995) for the copepod, Eurytenora affinis, whereby the 96-hour toxicity
i ncreased four-fold (from213 to 51.6 wg/L cadm un) when the salinity was
decreased from 15 to 5 g/kg at a test tenperature of 25°C. Hall et al. (1995)
al so observed an approximate three-fold toxicity increase to the sheepshead
m nnow when the salinity was lowered in simlar fashion at the sanme
tenperature. Likew se, the 21-day toxicity of cadmumto the blue crab
Cal l'i nectes sapi dus, increased over nine-fold when the salinity was | owered
from?25 to 2.5 g/kg, and the tenperature was held constant at 22-23 °C (Querin
and Stickle 1995). In contrast, Snell and Personne (1989b) observed little
difference in the 24-hour toxicity of cadmumto the rotifer, Brachionus
plicatilis, exposed under 15 and 30 g/kg salinity regi mes and a tenperature of
25 °C

The effect of environmental factors on the acute toxicity of cadmiumis
al so evident fromtests with the early |life stages of saltwater vertebrates.

Al derdice, et al. (1979a,b,c) reported that salinity influenced the effects of
cadm um on the volunme, capsule strength, and osnotic response of enbryos of
the Pacific herring. Studies with enbryos of the winter flounder indicated a
guadratic salinity-cadmumrelationship (Voyer et al. 1977), whereas Voyer et

al. (1979) reported a linear relationship between salinity and cadm um
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toxicity to Atlantic silverside enbryos.

Several studies have reported chronic sublethal effects of cadm um on
saltwater fishes (Table 6). Significant reduction in gill tissue respiratory
rate was reported for the cunner after a 30-day exposure to 50 ug/L (Maclnnes
et al. 1977). Dawson et al. (1977) also reported a significant decrease in
gill-tissue respiration of striped bass at 0.5 ug/L above anbient |levels after
a 30-day, but not a 90-day, exposure. A simlar study with the w nter
flounder (Cal abrese et al. 1975) denonstrated a significant alteration in gil

tissue respiration rate neasured in vitro after a 60-day exposure to 5 wg/L.

Unused Dat a

Sonme data on the effects of cadm um on aquatic organi sns were not used
because the studies were conducted with species that are not resident in North
America, e.g., Abbasi and Soni (1986), Abel and Papoutsogl ou (1986), Abel and
Garner (1986), Abel and Barlocher (1988), Ahsanullah et al. (1981), Ahsanullah
and Wlliams (1991), Am ard-Triquet et al. (1987), Annune et al. (1994),
Arshaduddin et al. (1989), Austen et al. (1997), Avery et al. (1996), Azeez
and Banerjee (1987), Baby and Menon (1987), Banbang et al. (1994), Bednarz and
War kowska- Drat nal (1983/1984), Birnelin et al. (1995), Bresler and Yanko
(1995), Brooks et al. (1996), Brunetti et al. (1991), Calevro et al. (1998),
Canli and Furness (1993, 1995), Cassini et al. (1986), Castille and Law ence
(1981), Centeno et al. (1993), Chan (1988), Chandini (1988, 1988, 1989, 1991),
Chandra and Garg (1992), Charpentier et al. (1987), Chattopadhyay et al
(1995), Cheung and Lam (1998), Coppellotti (1994), D Agostino and Fi nney
(1974), Dallinger et al (1989), Darnmono (1990), Darnono et al. (1990), Datta
et al. (1987), Denon et al (1989), Den Besten et al. (1989, 1991), De Nicol a
G udici and Guarino (1989), De Nicola Gudici and Mgliore (1988), Denton and
Bur don- Jones (1986, 1986), Devi (1987, 1996), Devi and Rao (1989), Devineau
and Triquet (1985), Dorgelo et al. (1995), Douben (1989), Drbal et al. (1985),
Duquesne and Col | (1995), Evtushenko et al. (1986), Evtushenko et al. (1990),
Ferrari et al. (1993), Fisher et al. (1996), Fisher et al. (1996), Forget et
al . (1998), Francesconi (1989), Francesconi et al. (1994), Forbes (1991), Gaur
et al. (1994), Cerhardt (1992, 1995), Ghosh and Chakrabarti (1990), G ynn
(1996), Aynn et al. (1992, 1994), Copal and Devi (1991), Geen et al. (1986),
G eenwood and Fi el der (1983), Gupta and Raj banshi (1991), Cupta et al. (1992),
Hader et al. (1997), Hansten et al. (1996), Heinis et al. (1990), Herkovits
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and Coll (1993), Hraoka et al. (1985), Hu et al. (1996), Huebner and Pynnonen
(1992), Husaini et al. (1991), lkuta (1987), Jenkins and Sanders (1985),

Karl sson-Norrgren and Runn (1985), Kasuga (1980), Keduo et al. (1987),
Khangarot and Ray. (1987), Khristoforova et al. (1984), Kobayashi (1971),
Krassoi and Julli (1994), Krishnaja et al. (1987), Kuhn and Pattard (1990),
Kuroshi ma (1987), Kuroshima and Kinmura (1990), Kuroshima et al. (1993), Lam
(1996, 1996), Lamet al. (1997), Lee and Xu (1984), Lounbourdis et al (1999),
McCahon et al. (1988), MCahon and Pascoe (1988, 1988, 1988), MCahon et al
(1989), McCurg (1984), Ma et al. (1999), Malea (1994), Markich and Jeffree
(1994, 1994), Martinez et al. (1996), Metayer et al. (1982), Mchibata et al
(1986), Mchibata et al. (1987), Mgliore and Gudici (1987), Mller et al
(1994), Mostafa and Khalil (1986), Miino et al. (1990), Miusko et al. (1990),
Nakagawa and Ishio (1988, 1989, 1989), Nassiri et al. (1997), Negilski (1976),
Nir et al. (1990), Noraho and Gaur (1995), Notenboomet al. (1992), Nott and
Ni col ai dou (1994), Nugegoda and Rai nbow (1995), g aveer et al. (1980), Pantan
et al. (1997), Papathanassiou (1995), Pavicic et al. (1994), Perez-Coll and
Her kovits (1996), Pynnonen (1995), Rai nbow and Kwan (1995), Rai nbow et al
(1980), Rainbow and White (1989), Ral ph and Burchett (1998), Ramachandran et
al. (1997), Rao and Madhyastha (1987), Rebhun and Ben-Anotz (1984), Reish et
al. (1988), Ri ngwood (1990, 1992), Ritterhoff et al. (1996), Roneo and

Gnassi a-Barelli (1995), Safadi (1998), Sastry and Shukla (1994), Sastry and
Sunita (1982), Saxena et al. (1990, 1993), Schafer et al. (1994), Sehgal and
Saxena (1987), Shanmukhappa and Neel akantan (1990), Shivaraj and Patil (1988),
Si nroes CGoncal ves (1989), Stuhl bacher and Maltby (1992), Takamura et al

(1989), Tenmara et al. (1996a,b), Ten Hoopen et al. (1985), Thaker and Haritos
(1989), Thebault et al. (1996), Theede et al. (1979), Tonmasik et al. (1995),
Tyurin and Khristoforova (1993), Udoidi ong and Akpan (1991), Val encia et al
(1998), Van Cenert (1985), Vashchenko and Zhadan (193), Verriopoul os and

Mor ai t ou- Apost ol opoul ou (1981, 1982), Visviki and Rachlin (1991), Vogiatzis
and Lounbourdis (1998), Vranken et al. (1985), Vuori (1994), Vymazal (1990,
1995), Walsh et al. (1995), Warnau et al. (1995a,b,c, 1996a,b, 1997),
West er nhagen and Det hl ef sen (1975), Westernhagen et al. (1975, 1978), W/ dgust
and Jones (1998), Wite and Rai nbow (1986), W cklund and Runn (1988), W ckl und
et al. (1988), Wi et al. (1997), Windramet al. (1996), Zanders and Roj as
(1992, 1996),and Zou and Bu (1994). Brown and Ahsanullah (1971) conducted

tests with a brine shrinp, which species are too atypical to be used in
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deriving national criteria.

Data were al so not used if cadm umwas a conponent of a drilling nud,
effluent, mxture, sedinment, or sludge (Allen 1994, 1995; Am ard-Triquet et
al . 1988; Andres et al. 1999; Arnac and Lassus 1985; Austen and McEvoy 1997;
Bartsch et al. 1999; Beiras et al. 1998; Bendell-Young 1994; Bendell - Young et
al . 1986; Besser and Rabeni 1987; Biesinger et al. 1986; Bigel ow and Lasenby
1991; Bodar et al. 1990; Buckley et al. 1985; Burden and Bird 1994; Busch et
al . 1998; Canpbell and Evans 1991; Canusso et al. 1995; Carlisle and denents
1999; Casini and Depl edge 1997; Cuvin-Aralar 1994; Cuvin-Aralar and Aral ar
1993; Dallinger et al. 1997; de March 1988; Elliott et al. 1986; Farag et al
1994, 1998; Qully and Mason 1993; Hall et al. 1984, 1987, 1988; Hardy and
Raber 1985; Hare et al. 1991, 1994; Haritonidis et al. 1994; Hartwell 1997,
Haynes et al. 1989; Hendriks 1995; Hickey and O enents 1998; Hi ckey and Martin
1995; Hickey and Roper 1992; Hogstrand et al. 1991; Hollis et al. 1996; Hooten
and Carr 1998; Hylland et al. 1996; Inza et al. 1998; Jak et al. 1996;
Janssens de Bisthoven et al. 1992; Jop 1991; Keenan and Alikhan 1991; Kelly
and Whitton 1989; Kettle and deNoyel |l es 1986; Khan and Wi s 1993; Khan et al
1989; Kiffney and C ements 1996; Kl erks and Barthol omew 1991; Kock et al
1995; Koivisto et al. 1997, Kolok et al. 1998, Kraak et al. 1993, 1994;

Krant zberg 1989a, b; Krantzberg and Stokes 1988, 1989; Kumar 1991; Lee and
Luoma 1998; Lithner et al. 1995; Lucker et al. 1997; Macdonal d and Sprague
1988; Mal oney 1996; Manz et al. 1994; Marr et al. 1995a, b; Mt hew and Menon
1992; Mersch et al. 1996; Nal ewaj ko 1995; Nel son 1994; Odin et al. 1996, 1997,
Pal awski et al 1985; Pedersen and Petersen 1996; Pellegrini et al. 1993;
Playle et al. 1993; Polar and Kucukcezzar 1986; Poulton et al. 1995; Prevot
and Soyer-CGobillard 1986; Q chen et al. 1988; Rachlin and Grosso 1993

Reynol dson et al. 1996; Richelle et al. 1995; Roch and McCarter 1984;

Roesi jadi and Fel |l i ngham 1987; Sanchiz et al. 1999; Schaeffer et al. 1991
Snokor owski et al. 1997; Stephenson and Macki 1989; Stern and Stern 1980;

Tal bot 1985, 1987; Tessier et al 1993; Vuori 1993; Vynazal 1984; Wall et al
1996; Wal sh and Hunter 1992; Wang et al. 1996; Warren et al. 1998; Weimn et
al . 1994; Wng et al. 1982; Wodling 1993; Wodward et al. 1995). Reviews by
Bar nt house et al. (1987), Bay et al. (1993), Cairns et al. (1985), Chapman et
al. (1968), Dierickx and Bredael -Rozen (1996), Dyer et al. (1997), Eisler
(1981), Eisler et al. (1979), Enserink et al. (1991), Florence et al. (1992),
Qi lhermno et al. (1997), Hare (1992), Hornstrom (1990), Jonnal agadda and Rao
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(1993), Khangarot and Ray (1987), Kooijman and Bedaux (1996), Kraak et al
(1994a,b), LeBlanc (1984), Mark and Sol be (1998), Meyer (1999), Nendza et al
(1997), QG kari et al. (1992), Papoutsoglou and Abel (1993), Pesonen and
Andersson (1997), Phillips and Russo (1978), Ranesha et al. (1996), Rice
(1984), Skow onski et al. (1998), Spry and Wener (1991), Thomann et al
(1997), Thompson et al. (1972), Toussaint et al. (1995), Trevors et al

(1986), Van Leeuwen et al. (1987), VWymazal (1990), Wight and Wl bourn (1994),
and Wng (1987) only contain data that have been published el sewhere.

Data were not used if the organisns were exposed to cadm umin food or
by injection or gavage (e.g., Bodar et al. 1988; Brouwer et al. 1992; Chou et
al . 1986; Davies et al. 1997; Decho and Luona 1994; CGottofrey and Tjal ve 1991
Handy 1993; Kluttgen and Ratte 1994; Kuroshima 1992; Lasenby and Van Duyn
1992; Lawrence and Hol oka 1991; Lomagin and U ’yanova 1993; Mlley and Chang
1991; Melgar et al. 1997; Mouunt et al. 1994; Munger and Hare 1997; Postma et
al . 1994; Postma and Davids 1995; Reinfelder and Fisher 1994, 1994; Reddy et
al . 1997; Rhodes et al. 1985; Van den Hurk et al. 1998; Wallace and Lopez
1997; Wang and Fi sher 1996; Wen-Xi ong and Fi sher 1996; Wng 1989).

A nunber of studies of cadm umtoxicity exam ned physi ol ogi cal or
behavi oral effects but provided no interpretable concentration, time, response
data, and sone papers described effects of only a single, often |ethal
concentration. |Included in such studies are those of Berglind (1985), Bitton
et al. (1994), Block and Part (1992), Block et al. (1991), Blondin et al
(1989), Bowen and Engel (1996), Bressan and Brunetti (1988), Castano et al
(1996), Christoffers and Ernst (1983), C ausen et al. (1993), Fargasova
(1994), Fernandez-Pinas et al. (1995), George et al. (1983), Iftode et al
(1985), Ilangovan et al. (1998), Issa et al. (1995), Jana and Sahana (1988),
Kluytmans et al. (1988), Kraak et al. (1993b), Kosakowska et al. (1988),
Lussier et al. (1999), Mateo et al. (1993), Pal ackova et al. (1994), Pereira
et al. (1993), Prasad et al. (1998), Rachlin and G osso (1991), Reader et al
(1989), Reddy and Fingerman (1994), Reid and McDonald (1991), Ri bo (1997),
Ronbough (1985), Rosas and Ramrez (1993), Sauvant et al. (1997), Skow onski
et al. (1991), Sunila and Lindstrom (1985), Trehan and Maneesha (1994),
Verbost et al. (1987), Visviki and Rachlin (1994), Wang et al. (1995), Wodal
et al. (1988), Windramet al. (1996), and Xue and Sigg (1998).

Battaglini et al. (1993), Borchardt (1983), Craig et al. (1998),
Gargiulo et al. (1996), CGonot (1998), Harvey and Luoma (1985), Kraal et al
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(1995), Penttinen et al. (1995), Rouleau et al. (1998), and Sobhan and
Sternberg (1999) presented no useable data on cadmumtoxicity or
bi oconcentrati on.

Papers that dealt with the selection, adaptation, or acclimation of
organi sns for increased resistance to cadm umwere not used, e.g., Anadu et
al . (1989), Bodar et al. (1990), Currie et al. (1998), Ranmo et al. (1987),
Herkovits and Perez-Coll (1995), Kaplan et al. (1995), MN col and Scherer
(1993), Madoni et al. (1994), Nagel and Voigt (1995), Thonas et al. (1985),
and Van Steveninck et al. (1992).

Data were not used if the results were only presented graphically
(Laegreild et al. 1983; Laube 1980; Remacle et al. 1982), if the organisnms
were not exposed to cadm umin water (Foster 1982; Hatakeyama and Yasuno
1981a; O Neill 1981), or if there was no pertinent adverse effect (Carr and
Neff 1982; DeFilippis et al. 1981; Dickson et al. 1982; Fisher and Fabris
1982; Fisher and Jones 1981; Tucker and Matte 1980; Watling 1981; Wis et al
1981). Data in publications such as Abbasi and Soni (1989), Ball (1967),

Bel abed et al. (1994), Bendell-Young (1999), Bitton et al. (1995), Bjerregaard
and Depl edge (1994), Bol anos et al. (1992), Burnison et al. (1975), Calevro et
al. (1998), Canton and Sl ooff (1979), Carpene and Boni (1992), D Aniello et

al. (1990), Davies et al. (1994), Departnment of the Environnent (1973),
Errecal de et al. (1998), Fenni koh et al. (1978), Fernandez-Leborans and

Antoni o-Garcia (1988), Galic and Sipos (1987), d ubokov (1990), Corman and
Skoger boe (1987), Guanzon et al. (1994), Guerin et al. (1994), Hofslagare et
al . (1985), Janssen and Persoone (1993), Jaworska et al. (1997), Kay et al
(1986), Kessler (1985), Khangarot et al. (1987), Koyama et al. (1992), Landner
and Jernel ov (1969), Lee and Gshima (1998), Liao and Hsieh (1990), Maas
(1978), Mansour (1993), Mnistry of Technol ogy (1967), Mdza et al. (1995),
Munger et al. (1999), Naylor et al. (1992), Nwadukwe and Erondu (1996), Pascoe
and Shazili (1986), Pauli and Berger (1997), Penttinen et al. (1998), Peterson
(1991), Peterson et al. (1984), Rayns-Keller et al. (1998), Ronbough (1985),
Sandau et al. (1996), Sekkat et al. (1992), Shcherban (1977), Sheela et al
(1995), Sovenyi and Szakol czai (1993), Stom and Zubareva (1994), Stubblefield
et al. (1999), Tarzwell and Henderson (1960), Verma et al. (1980), VWykusova
and Svobodova (1987), Wani (1986), Wteska et al. (1995), Yamanoto and | nque
(1985), and Zhang et al. (1992) were not used because either the materials,

met hods, or results were insufficiently described. Hi gh control nortalities
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occurred in testing reported by Asato and Reish (1988), Hong and Reish (1987),
Sauter et al. (1976) and Wight (1988). The 96-hr val ues reported by Bui kema
et al. (1974a,b) were subject to error because of possible reproductive
i nteractions (Bui kema et al. 1977). Bringmann and Kuhn (1982) and Dave et al
(1981) cultured daphnids in one water and tested themin a different water.

The acceptability of the dilution water or nediumused in sonme studies
(e.g., Brkovic-Popovic and Popovic 1977a,b; Cearley and Col eman 1973, 1974;
Nasu et al. 1983) was open to question because of its origin or content.
Al gal studies were not used if they were not conducted in an appropriate
medi um (Stary and Kratzer 1982; Stary et al. 1983) or if the medi um cont ai ned
too much of a conpl exi ng agent such as EDTA (Baillieul and Blust 1999; Brand
et al. 1986; Chen et al. 1997; Couillard 1989; Hockett and Myunt 1996; Huebert
et al. 1993; Huebert and Shay 1991, 1992, 1993; Jenkins and Mason 1988;
Jenki ns and Sanders 1986; Jenner and Janssen- Mommen 1993; Kessler 1986; Lue-
Kimet al. 1980; Macfie et al. 1994; Meteyer et al. 1988; Miller and Payer
1979; Nasu et al. 1988; Rebhun and Ben- Anbtz 1986, 1988; Sl oof et al. 1995;
Sunda and Huntsman 1996; Thongra-ar and Matsuda 1993; Thorpe and Costl ow 1989;
Tortell and Price 1996; Vasseur and Pandard 1988; Wight et al 1985). Sone
papers were onitted because of questionable treatnent of test organisnms or
i nappropriate test conditions or nethodol ogy (e.g., Babich and Stotsky 1982;
Brown et al. 1984; Bryan 1971; Chan et al. 1981; Dorfrman 1977; Ei sler and
Gardner 1973; Geig 1979; Hung 1982; Hutcheson 1975; Mbraitou- Apost ol opoul ou
et al. 1979; Parker 1984; Pecon and Powell 1981; Ridlington et al. 1981; Sunda
et al. 1978; Wkfors and Ukel es 1982).

Data on bioconcentrati on by aquatic organisnms were not used if the test
was conducted in distilled water, was not |ong enough, was not fl owthrough
or if the concentrations in water were not adequately neasured (e.g., Allen
1995; Amiard et al. 1993; Am ard-Triquet et al. 1986; Bal ogh and Sal anki 1984;
Baudrinont et al. 1997; Beattie and Pascoe 1978; Bentley 1991; Berglind 1986;
Bernds 1998; Bervoets et al. 1995, 1996; Bjerregaard 1982, 1985, 1991; Bl ock
and dynn 1992; Brown et al. 1986; Burrell and Wi hs 1983; Carnichael and
Fow er 1981; Carr and Neff 1982; Chan et al. 1992; Chander et al. 1991; Chaw a
et al. 1991; Chitguppa et al. 1997; Chou and Uthe 1991; Collard and Matagne
1994; Craig et al. 1999; Davies et al. 1981; De Conto G nier et al. 1997; De
Conto Cinier et al. 1998, De Nicola et al. 1993; Denton and Burdon-Jones 1981
Elliott et al. 1985; Engel 1999; Everaarts 1990; Fair and Sick 1983; Frazier
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and George 1983; Freeman 1978, 1980; G les 1988; Cottofrey et al. 1988; G aney
et al. 1984; Qupta and Devi 1993; Hai nes and Brunbaugh 1994; Hansen et al.
1995; Hardy and O Keeffe 1985; Hashimet al. 1997; Hatakeyanma 1987; Herw g et
al. 1989; Hollis et al. 1997, Irato and Piccinni 1996; John et al. 1987; Katti
and Sat hyanesan 1985; Kerfoot and Jacobs 1976; Khoshmanesh et al. 1996, 1997,
Kl aver kanp and Duncan 1987; Koel mans et al. 1996; Kohler and R isgard 1982;
Kwan and Smith 1991; Langston and Zhou 1987; Les and Wl ker 1984; MlLeese and
Ray 1984; Maeda et al. 1990; Malley et al. 1989; Mranhao et al. 1999; Mersch
et al 1993; Mzutani et al 1991; Miranoto 1980; Mwangi and Ali khan 1993; Nol an
and Duke 1983; Norey et al. 1990; Cakley et al. 1983; desen and Weks 1994;
Papat hanassi ou 1986; Pawl i k and Skow onski 1994; Pawlik et al. 1993; Pel grom
et al 1994; Pelgromet al. 1997; Playle and D xon 1993; Presing et al. 1993;
Postma et al. 1996; Poul sen et al. 1982; Rai et al. 1995; Rainbow 1985;
Ramrez et al. 1989; Ray et al. 1981; Reichert et al. 1979; Reinfelder et al.
1997; Riisgard et al. 1987; R ngwood 1989, 1992, 1993; Rosenan et al. 1994;
Rubi nstein et al. 1983; Santojanni et al. 1998; Sedlacek et al. 1989; Sidounou
et al. 1997; Sinoes Goncalves et al. 1988; Sinha et al. 1994; Skow onski and
Przyt ocka- Jusi ak 1986; Srivastava and Appenroth 1995; Stary et al. 1982; Sunil
et al. 1995; Suzuki et al. 1987; Swi nehart 1990; Taylor et al. 1988; Tessier
et al. 1996; Thomas et al. 1983; Van Leeuwen et al. 1985; Van G nneken et al.
1999; VWymazal 1995; Wang and Fisher 1998; Watling 1983a; Wite and Rai nbow
1982; WIllianms et al. 1998; Wndomet al. 1982; Wnner and Gauss 1986; Wnter
1996; Wodworth and Pascoe 1983; Xiaorong et al. 1997; Yager and Harry 1964;
Zauke et al. 1995; Zia and McDonal d 1994). The bi oconcentration tests of

Ei sl er (1974), Jennings and Rai nbow (1979b), O Hara (1973b), Phel ps (1979),
and Sick and Baptist (1979), which used radioactive isotopes of cadm um were
not used because of the possibility of isotope discrimnation. Reports on the
concentrations of cadmumin wild aquatic organi snms, such as Anderson et al.
(1978), Bougquegneau and Martoja (1982), Boyden (1977), Bryan et al. (1983),
Frazier (1979), CGordon et al. (1980), Geig and Wnzloff (1978), Hazen and
Knei p (1980), Kneip and Hazen (1979), MlLeese et al. (1981), Noel-Lanbot et
al . (1980), Pennington et al. (1982), Ray et al. (1981), Smith et al. (1981),
and Uthe et al. (1982) were not used for the cal cul ati on of bioaccunul ation
factors due to an insufficient nunber of neasurenents of the concentration of
cadmiumin the water.
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Sunmmary
Freshwat er Speci es Mean Acute Values for cadm um are avail able for

species in 59 genera and hardness adjusted val ues range from 1. 656 wug/L for
brown trout to 78,579 ug/L for a mdge. The antagonistic effect of hardness
on acute toxicity has been denonstrated with 10 species. Chronic tests have
been conducted on cadmumw th 14 freshwater fish species and seven

i nvertebrate species with hardness adjusted Speci es Mean Chronic Val ues
ranging from0.1811 wug/L for Hyalella azteca to 34.19 ug/L for Ceri odaphnia
dubia. Acute-chronic ratios are available for eight species and range from
0.9021 for the chinook salnmon to 433.8 for the flagfish.

Freshwat er aquatic plants are affected by cadm um at concentrations
ranging from2 to 20,000 wg/L. These values are in the same range as the
acute toxicity values for fish and invertebrate species, and are considerably
above the chronic values. Bioconcentration factors (BCFs) for cadmumin
fresh water range from7 to 6,910 for invertebrates and from3 to 2,213 for
fishes.

Sal twat er cadm um speci es nmean acute values for 11 fish species range
from75.0 ug/L for striped bass to 50,000 wug/L for sheepshead m nnow. Species
Mean Acute values for 50 species of invertebrates range from41.29 ug/L for a
nmysid to 135,000 pg/L for an oligochaete worm The acute toxicity of cadm um
generally increases as salinity decreases. The effect of tenperature seenms to
be species-specific. Two life-cycle tests with Anericanysis bahia under
different test conditions resulted in simlar chronic values of 8.237 and
7.141 ug/L, but the acute-chronic ratios were 1.882 and 15.40, respectively.

A third chronic test with Amrericanysis bahia gave a slightly [ ower chronic

val ue, possibly due to the unexpected tenperature (14-26 °C) fluctuation. The
acute val ues appear to reflect effects of salinity and tenperature, whereas
the few avail abl e chronic val ues apparently do not. A life-cycle test with
Mysi dopsi s bigelowi also resulted in a chronic value of 7.141 wpg/L and an
acute-chronic ratio of 15.40. Studies with mcroal gae and nacroal gae reveal ed
effects at 2 to 22,390 ug/L.

BCFs determined with a variety of saltwater invertebrates range from5
to 3,160. BCFs for bivalve nolluscs were generally above 1,000 in |ong
exposures, with no indication that steady-state had been reached. Cadm um
nortality is cunulative for exposure periods beyond four days. Chronic

cadmi um exposure resulted in significant effects on the growh of bay scall ops
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at 78 ug/ L.

National Criteria

The procedures described in the “Quidelines for Deriving Numerica
Nati onal Water Quality Criteria for the Protection of Aquatic O gani snms and
Their Uses” indicate that, except possibly where a locally inportant species
is very sensitive, freshwater aquatic organisns and their uses should not be
af fected unacceptably if the four-day average concentration (in wug/L) of
di ssol ved cadm um does not exceed the nunerical value given by 0.94
[e(o'9917[1n(hardness)]'6'332)] nore than once every three years on the average,
and if the one-hour average dissolved concentration (in wg/L) does not exceed

t he nunerical value given by 0.97 [e(l'205[1n(hardness)]'3'949)] nore than once

every three years on the average. For exanple, at hardnesses of 50, 100, and
200 ng/L as CaCO; the four-day average dissolved concentrations of cadm um are
0.08, 0.16 and 0.32 ug/L, respectively, and the one-hour average di ssol ved
concentrations are 2.1, 4.8, and 11 pg/L. If brown trout are as sensitive as
sonme data indicate, they may not be protected by this criterion

The procedures described in the “Quidelines for Deriving Numerica
Nati onal Water Quality Criteria for the Protection of Aquatic O gani snms and
Their Uses” indicate that, except possibly where a locally inportant species
is very sensitive, saltwater aquatic organi sns and their uses should not be
af fected unacceptably if the four-day average di ssol ved concentration of
cadm um does not exceed 8.8 wg/L nore than once every three years on the
average and if the one-hour average dissolved concentrati on does not exceed 40
ug/L nore than once every three years on the average. However, the linted
data suggest that the acute toxicity of cadmumis salinity-dependent;

t heref ore the one-hour average concentrati on m ght be underprotective at |ow
salinities and overprotective at high salinities.

EPA believes that the use of dissolved cadmumw |l provide a nore
scientifically correct basis upon which to establish water-colum criteria for
metals. The criteria were developed on this basis. The use of dissolved
criteria reduces the anopunt of conservatismthat was present in earlier
cadmumcriteria. It is recognized that a considerable proportion of
di ssol ved cadmiumin organic-rich waters may be |less toxic than freely
di ssol ved cadmi um On the other hand, sone particulate forms of cadm um may

contribute to cadm um | oadi ng of organisns, possibly through ingestion
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The recomended exceedence frequency of three years is the Agency’ s best
scientific judgnment of the average anount of tinme it will take an unstressed
systemto recover froma pollution event in which exposure to cadm um exceeds
the criterion. Stressed systens, for exanple, one in which several outfalls
occur in alimted area, would be expected to require nore tine for recovery.
The resilience of ecosystens and their ability to recover differ greatly,
however, and site-specific criteria may be established if adequate
justification is provided.

The use of criteria in designing waste treatnent facilities requires the
sel ection of an appropriate wastel oad all ocation nodel. Dynam c nodels are
preferred for the application of these criteria. Linmted data or other
factors may make their use inpractical, in which case one should rely on a
steady-state nodel. The Agency recommends the interimuse of 1@ or 1QLO for
Criterion Maxi mum Concentration (CMC) design flow and 76 or 7Ql0 for the
Criterion Continuous Concentration (CCC) design flow in steady-state nodel s
for unstressed and stressed systens respectively. These matters are di scussed
in nmore detail in the Technical Support Docunent for Water Quality-Based
Toxics Control (U S. EPA 1985).
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Figure 2. Ranked Summary of Cadmium GMAVs
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Figure 3. Ranked Summary of Cadmium GMAVs
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Figure 5. Chronic Toxicity of Cadmium to Aquatic Animals
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Table la.

Acute Toxicity of Cadmium to Aquatic Animals

Species Mean

Schubauer-Berigan et

Chapman et al. 1982a

Chapman et al. 1982a

Williams et al. 1985

Chapman et al. 1982a

Chapman et al. 1982a

Chapman et al. 1982a

Chapman et al. 1982a

Chapman et al. 1982a

Fargasova 1994a

Chapman et al. 1982a

Chapman et al. 1982a

Rehwoldt et al. 1973

Hardness LC50 or EC50 Acute Value at

(mg/L as LC50 or EC50 LC50 or EC50 Adj. to Th=50 TH=50
Species Method®* Chemical CaCo0,) (Total ug/L)® (Diss. ug/L) (Total wng/L) (Total ug/L)° Reference

FRESHWATER SPECIES

Planarian, R, M, T Cadmium 87 24,702 23,220 12,673 12,673 Ham et al. 1995
Dendrocoelum chloride
lacteum
Worm (adult), S, M, T Cadmium 280-300 780 - 93.81 93.81
Lumbriculus nitrate al. 1993
variegatus
Tubificid worm, S, M Cadmium 5.3 240 - 3,586 3,586
Branchiura sulfate
sowerbyi
Tubificid worm, S, M Cadmium 5.3 170 - 2,540 -
Limnodrilus sulfate
hoffmeisteri
Tubificid worm F, M, T - 152 2,400 - 628.6 628.6
(30-40 mm)
Limnodrilus
hoffmeisteri
Tubificid worm, S, M Cadmium 5.3 320 - 4,781 4,781
Quistadrilus sulfate
multisetosus
Tubificid worm, S, M Cadmium 5.3 630 - 9,413 9,413
Rhyacodrilus sulfate
montana
Tubificid worm, S, M Cadmium 5.3 350 - 5,230 5,230
Spirosperma ferox sulfate
Tubificid worm, S, M Cadmium 5.3 450 - 6,724 6,724
Spirosperma sulfate
nikolskyi
Tubificid worm, S, M Cadmium 5.3 550 - 8,218 8,218
Stylodrilus sulfate
heringlianus
Tubificid worm S, U Cadmium - 1,032 - - -
Tubifex tubifex chloride
Tubificid worm, S, M Cadmium 5.3 320 - 4,781 4,781
Tubifex tubifex sulfate
Tubificid worm, S, M Cadmium 5.3 380 - 5,678 5,678
Varichaeta sulfate
pacifica
Worm, S, U - 50 1,700 - 1,700 1,700
Nais sp.
Leech, GlossiponiaR, M, T  Cadmium 122.8 480 - 162.6 162.6

Brown and Pascoe 1988



Table la.

Species

Continued

Chemica

Hardness
(mg/L as
CaC03)

LC50 or EC50
(Total ng/L)P

LC50 or
ECS0 (Diss.

Megpod

Snail (embryo), S, U
Amnicola sp.

Snail (adult), S, U
Amnicola sp.

Snail, F, M
Aplexa hypnorum

Snail (adult),
Aplexa hypnorum

Snail (adult), S, M
Physa gyrina

Snail (immature), S, M
Physa gyrina

Mussel (Juvenile), S, M
Utterbackia

imbecilis

Mussel (Juvenile), S, M

Utterbackia
imbecilis

Mussel,
Utterbackia
imbecilis
Mussel,

Utterbackia
imbecilis

Mussel (Juvenile), S,M,T
Utterbackia
imbecilis

Mussel (Juvenile), S,M,T
Utterbackia

imbecilis

Mussel (Juvenile), S,M,T
Utterbackia

imbecilis

Mussel,

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

50

50

45.3

44 .4

200

200

90

90

39

80-100

90

92

86

82

na/Ll)

3,800 -
8,400 -
93 -
93 -
1,370 -
410 -

1,150 -

1,120 -

107 -

44 -

82 -

46.4 -

LC50 or
EC50 Adj .-
to Th=50

(Total
wa/Ll)

3,800

8,400

104.7

107.3

257.8¢

77.15

566.4°

551.6°

12.14

52.70

21.67

39.33

48.38

25.57

Species Mean
Acute Value
at TH=50
(Total

Reference

ua/L)C

106.0

77.15

30.50

Rehwoldt et al. 1973

Rehwoldt et al. 1973

Holcombe et al. 1984

Phipps and Holcombe
1985

Wier and Walter 1976

Wier and Walter 1976

Keller Unpublished

Keller Unpublished

Keller and Zam 1991

Keller and Zam 1991

Keller Unpublished

Keller Unpublished

Keller Unpublished

Keller Unpublished



Table la. Continued

Species Mean
Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50
Species Method Chemica CaCo0y) (Total ng/L)® ECS0 (Diss. to Th=50 (Total Reference
= 1 ©g/L) (Total 1g/L)°
wa/Ll)

Mussel, S,M,T - 84 69 - 36.93 30.73 Keller Unpublished
Actinonaia
pectorosa

Mussel, S,M,T - 50 12 - 12.00 12.00 Keller Unpublished
Anodonta
coupierana

Mussel, S,M,T - 50 38 - 38.00 38.00 Keller Unpublished
Lampsilis

straminea

claibornensis

Mussel, S,M,T - 50 33 - 33.00 33.00 Keller Unpublished
Lampsilis teres

Cladoceran, S, U Cadmium 109 546 - 213.5 213.5 Ghosh et al. 1990
Alona affinis nitrate

Cladoceran S, U Cadmium 80-100 54 - 26.60 - Britton et al. 1996
(<24 hr), chloride .
Ceriodaphnia dubia

Cladoceran R, M, T Cadmium 70-90 54.5 - 30.94 - Diamond et al. 1997
(<24 hr), chloride =
Ceriodaphnia dubia

Cladoceran S, U Cadmium 80-100 55.9 - 27.53 28.29 Lee et al. 1997
(<24 hr), chloride —
Ceriodaphnia dubia

Cladoceran, S, U - 45 66 - 74.93 - Mount and Norberg 1984
Ceriodaphnia
reticulata

Cladoceran S, U Cadmium 240 184 - 27.80 - Elnabarawy et al. 1986
(<24 hr) chloride

Ceriodaphnia

reticulata

Cladoceran S, U Cadmium 120 110 - 38.31 43.05 Hall et al. 1986
(<6 hr) chloride

Ceriodaphnia

reticulata

Cladoceran, S, U Cadmium - <1.6" - - - Anderson 1948
Daphnia magna chloride

Cladoceran, S, U Cadmium 45 65 - 73.80 - Biesinger and



Table la.

Species

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran
(<24 hr),
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran
(<24 hr),
Daphnia magna

Cladoceran
(<24 hr),

EC50 (Diss.

Continued
Hardness
(mg/L as LC50 or EC50
Method Chemica CaC0y) (Total ug/L)"
B 1
S, U Cadmium - 27.07
nitrate
S, U Cadmium - 28.04
nitrate
S, U Cadmium - 35.13
nitrate
R, M Cadmium 100 30
Chloride
S, U - 45 118
S, U Cadmium 120 28.3
chloride
S, U Cadmium 240 178
chloride
S, U Cadmium 240 1,880
sulfate
S, M, Cadmium 160-180 3.6
chloride (genotype A)
S, M, Cadmium 160-180 9.0
chloride (genotype A-1)
S, M, Cadmium 160-180 9.0
chloride (genotype A-2)
S, M, Cadmium 160-180 4.5
chloride (genotype B)
S, M, Cadmium 160-180 27.1
chloride (genotype E)
S, M, Cadmium 160-180 115.9
chloride (genotype S-1)
S, M, Cadmium 160-180 24.5
chloride (Clone F)
S, M, Cadmium 160-180 129.4
chloride (Clone S-1)

LC50 or
EC50 Adj .-
to Th=50

(Total
wa/Ll)

13.01

134.0

9.855

26.89

284.0

0.8240

2.060

2.060

1.030

6.203

26.53

5.608

29.62

Species Mean
Acute Value

Reference

Canton and Adema 1978

Canton and Adema 1978

Canton and Adema 1978

Canton and Slooff 1982

Mount and Norberg 1984

Hall et al. 1986

Elnabarawy et al. 1986

Khangarot and Ray
1989a
Baird et al. 1991

Baird et al. 1991

Baird et al. 1991

Baird et al. 1991

Baird et al. 1991

Baird et al. 1991

Stuhlbacher et al.
1992

Stuhlbacher et al.
1992



Table la.

Species

Cladoceran
(<24 hr),
Daphnia magna

Cladoceran (3
Daphnia magna

Cladoceran (3
Daphnia magna

Cladoceran (6
Daphnia magna

Cladoceran (6
Daphnia magna

Cladoceran
(10 d),
Daphnia magna

Cladoceran
(10 d),
Daphnia magna

Cladoceran
(20 d),
Daphnia magna

Cladoceran
(20 d),
Daphnia magna

Cladoceran
(30 d),
Daphnia magna

Cladoceran
(30 d),
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran
(<24 hr),
Daphnia magna

Cladoceran,

Continued
Hardness
(mg/L as LC50 or EC50
Method Chemica CaC0y) (Total ug/L)"
B 1
S, M, T Cadmium 10 37.9
chloride
d), S, M, T Cadmium 160-180 25.4
chloride (Clone F)
d), S, M, T Cadmium 160-180 228.8
chloride (Clone S-1)
d), S, M, T Cadmium 160-180 49.1
chloride (Clone F)
d), S, M, T Cadmium 160-180 250.1
chloride (Clone S-1)
S, M, T Cadmium 160-180 131.2
chloride (Clone F)
S, M, T Cadmium 160-180 319.3
chloride (Clone S-1)
S, M, T Cadmium 160-180 139.9
chloride (Clone F)
S, M, T Cadmium 160-180 326.3
chloride (Clone S-1)
S, M, T Cadmium 160-180 146.7
chloride (Clone F)
S, M, T Cadmium 160-180 355.3
chloride (Clone S-1)
s, U Cadmium - 360
chloride
S, U Cadmium 250 280
sulfate
S, U Cadmium 160-180 9.5
chloride
S, M, T Cadmium 46.1 112

LC50 or
ECS0 (Diss.
ua/L)

104

LC50 or
EC50 Adj .-
to Th=50

(Total
wa/Ll)

263.5

5.814
52.37
11.24
57.24

30.03

73.08

32.02

74.69

33.58

81.32

40.27

2.174

123.5

Species Mean
Acute Value
at TH=50
(Total

Reference

ua/L)C

Hickey and Vickers
1992

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993

Stuhlbacher et al.
1993
Stuhlbacher et al.

1993

Stuhlbacher et al.
1993

Fargasova 1994a
1994

Crisinel et al.

Guilhermino et al.
1996

Barata et al. 1998



Table la. Continued

Species Mean

Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50
Species Method Chemica CaC03) (Total xg/L)° ECS0 (Diss. to Th=50 (Total Reference
B 1 wa/L) Total wa/L)°
ua/L)
Cladoceran, S, M, T Cadmium 90.7 106 91.4 51.72 - Barata et al. 1998
Daphnia magna sulfate (clone S-1)
Cladoceran, S, M, T Cadmium 179 233 179 50.12 - Barata et al. 1998
Daphnia magna sulfate (clone S-1)
Cladoceran, S, M, T Cadmium 46.1 30.1 27.8 33.19 - Barata et al. 1998
Daphnia magna sulfate (clone A)
Cladoceran, S, M, T Cadmium 90.7 23.4 20.2 11.42 - Barata et al. 1998
Daphnia magna sulfate (clone A)
Cladoceran, S, M, T Cadmium 179 23.6 18.1 5.076 - Barata et al. 1998
Daphnia magna sulfate (clone A)
Cladoceran, S, M, T Cadmium 51 9.9 - 9.667 - Chapman et al.
(<24 hr) Chloride Manuscript
Daphnia magna
Cladoceran, S, M, T Cadmium 104 33 - 13.65 - Chapman et al.
(<24 hr) Chloride Manuscript
Daphnia magna
Cladoceran, S, M, T Cadmium 105 34 - 13.91 - Chapman et al.
(<24 hr) Chloride Manuscript
Daphnia magna
Cladoceran, S, M, T Cadmium 197 63 - 12.07 - Chapman et al.
(<24 hr) Chloride Manuscript
Daphnia magna
Cladoceran, S, M, T Cadmium 209 49 - 8.745 - Chapman et al.
(<24 hr) Chloride Manuscript
Daphnia magna
Cladoceran, F, M, T Cadmium 130 58 - 18.34 18.34 Attar and Maly 1982
(<24 hr) Chloride
Daphnia magna
Cladoceran, S, U Cadmium - 93.45 - - - Canton and Adema 1978
Daphnia pulex nitrate
Cladoceran, S, U Cadmium 57 47 - 40.14 - Bertram and Hart 1979
Daphnia pulex chloride
Cladoceran, S, U - 45 68 - 77.20 - Mount and Norberg 1984

Daphnia pulex

Cladoceran S, U Cadmium 240 319 - 48.19 - Elnabarawy et al. 1986



Table la. Continued
Species Mean
Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50
Species Method Chemica CaC03) (Total xg/L)° ECS0 (Diss. to Th=50 (Total Reference
- 1 ua/L) (Total ug/L)e
ua/L)
Cladoceran S, U Cadmium 120 89.4 - 31.13 - Hall et al. 1986
(<24 hr), chloride =
Daphnia pulex
Cladoceran S, M, T Cadmium 53.5 70.1 - 64.61 - Stackhouse and Benson
(<24 hr), chloride 1988
Daphnia pulex
Cladoceran, S, U Cadmium 80-90 78.3 - 41.31 48.12 Roux et al. 1993
Daphnia pulex chloride
Cladoceran, S, U Cadmium 80-84 71.25 - 39.26 39.26 Hatakeyama and Yasuno
Moina macrocopa chloride 1981b
Cladoceran, S, M Cadmium 11.1 7.0 - 42.92 - Giesy et al. 1977
Simocephalus chloride
serrulatus
Cladoceran, S, M Cadmium 39-48 24.5 - 29.14 35.36 Spehar and Carlson
Simocephalus chloride 1984a,b
serrulatus
Cladoceran, S, U - 45 24 - 27.25 27.25 Mount and Norberg 1984
Simocephalus
vetulus
Copepod, S, U Cadmium 109 493 - 192.8 192.8 Ghosh et al. 1990
Cyclops varicans nitrate
Isopod, F, M Cadmium 220 2,1299 - 357.2 357.2 Bosnak and Morgan 1981
Asellus bicrenata chloride
Isopod, F, M Cadmium 152 150¢ - 39.29 39.29 Bosnak and Morgan 1981
Lirceus alabamae chloride
Amphipod (4 mm), R, U Cadmium 50 1,700 - 1,700 1,700 Martin and Holdich
Crangonyx chloride 1986
pseudogracilis
Amphipod, S, M Cadmium 39-48 68.3 - 81.91 81.91 Spehar and Carlson
Gammarus chloride 1984a,b
pseudol imnaeus
Amphipod, S, U - 50 70 - 70.00 - Rehwoldt et al. 1973
Gammarus sp.-
Crayfish (1.8 g), F, M, T  Cadmium 44 .4 >10,200 - >11,769 >11,769 Phipps and Holcombe
Orconectes immunis chloride 1985
Crayfish, S, M Cadmium - 400 - - - Boutet and



Table la. Continued

Species Megpod

Chemica

Hardness
(mg/L as
CaC03)

LC50 or EC50 LC50 or
(Total ng/L)® ECS0 (Diss.

Crayfish, F, M, T
Orconectes virilis

Crayfish S, M
(uvenile),

Procambarus

clarkii

Mayfly, F, M
Ephemerella
grandis

Mayfly, S, U
Ephemerella
grandis

Damselfly, S, U
(Unidentified)

Stonefly, F, M
Pteronarcella
badia

Caddisfly, S, U
(Unidentified)

Midge, S, U
Chironomus sp.

Midge R, M, T
(4" instar),

Chironomus

riparius

Midge (10-12 mm), F, M, T
Chironomus
riparius

Bryozoan, S, U
Pectinatella
magnifica

Bryozoan, S, U
Lophopodella
carteri

Bryozoan, S, U
Plumatella
emarginata

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
sulfate

Cadmium

chloride

Cadmium
chloride

26

30

44

50

50

50

124

152

190-220

190-220

190-220

na/Ll)

6,100 -

1,040 -

28,000 -

2,000 -

8,100 -

18,000 -

3,400 -

1,200 -

140,000 -

300,000 -

700 -

150 -

1,090 -

LC50 or
EC50 Adj .-
to Th=50

(Total
wa/Ll)

13,413

1,925

3,400
1,200

46,865

Species Mean
Acute Value
at TH=50
(Total

Reference

ua/L)C

13,413

1,925

2,333

8,100

3,400

78,579

127.9

27.40

199.1

Mirenda 1986

Naqvi and Howell 1993

Clubb et al. 1975

Warnick and Bell 1969

Rehwoldt et al. 1973

Clubb et al. 1975

Rehwoldt et al. 1973

Rehwoldt et al. 1973

Pascoe et al. 1990

Williams et al. 1985

Pardue and Wood 1980

Pardue and Wood 1980

Pardue and Wood 1980



Table la. Continued

Hardness
(mg/L as LC50 or EC50 LC50 or
Species Method Chemica CaC03) (Total xg/L)° ECS0 (Diss.
- 1 ua/L)
American eel, S, M - 55 820 -
Anguilla rostrata
Coho salmon S, U Cadmium 90 10.4 -
(1 year), chloride
Oncorhynchus
kisutch
Coho salmon S, U Cadmium 41 3.4 -
(uvenile), chloride
Oncorhynchus
kisutch
Coho salmon F, M Cadmium 23 17.5¢ -
(adult), chloride
Oncorhynchus
kisutch
Coho salmon F, M Cadmium 23 2.7 -
(parr), chloride
Oncorhynchus
kisutch
Chinook salmon (9- S, U Cadmium 211 26 -
13 wk), chloride
Oncorhynchus
tshawytscha
Chinook salmon S, U Cadmium 343 57 -
(18-21 wk), chloride
Oncorhynchus
tshawytscha
Chinook salmon F, M Cadmium 23 >26¢ -
(alevin), chloride
Oncorhynchus
tshawytscha
Chinook salmon F, M Cadmium 23 1.8 -
(swim-up), chloride
Oncorhynchus
tshawytscha
Chinook salmon F, M Cadmium 23 3.5 -
(parr), chloride
Oncorhynchus
tshawytscha
Chinook salmon F, M Cadmium 23 >2.9 -

LC50 or
EC50 Adj .-
to Th=50

(Total

na/Ll)

4.318

44 604

4.587

5.600

>66.27¢

>7.392

Species Mean
Acute Value
at TH=50
(Total

Reference

ua/L)C

731.0

6.882

Rehwoldt et al. 19

Lorz et al. 1978

73

Buhl and Hamilton 1991

Chapman 1975

Chapman 1975

Hamilton and Buhl

Hamilton and Buhl

Chapman 1975,

Chapman 1975,

Chapman 1975,

Chapman 1975,

1978

1978

1978

1978

1990

1990



Table la. Continued

Species Mean

Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50
Species Method Chemica CaCo0s) (Total ug/1L)° ECS0 (Diss. to Th=50 (Total Reference
- 1 ua/L) (Total ug/L)e
ua/L)
Chinook salmon F, M Cadmium 25 1.41 - 3.250 - Chapman 1982
(uvenile), chloride
Oncorhynchus
tshawytscha
Chinook salmon F, M Cadmium 20-22 1.1 - 3.129 4.984 Finlayson and Verrue
(uvenile), sulfate 1982
Oncorhynchus
tshawytscha
Rainbow trout, S, U - - 6 - - - Kumada et al. 1973
Oncorhynchus
mykiss
Rainbow trout, S, U - - 7 - - - Kumada et al. 1973
Oncorhynchus
mykiss
Rainbow trout, S, U Cadmium - 6.0 - - - Kumada et al. 1980
Oncorhynchus chloride
mykiss
Rainbow trout, S, M Cadmium 39-48 2.3 - 2.720 - Spehar and Carlson
Oncorhynchus chloride 1984a,b
mykiss
Rainbow trout S, U Cadmium 41 1.5 - 1.905 - Buhl and Hamilton 1991
(uvenile), chloride
Oncorhynchus
mykiss
Rainbow trout F, M Cadmium 23 >274 - >68.82¢ - Chapman 1975, 1978
(alevin), chloride
Oncorhynchus
mykiss
Rainbow trout F, M Cadmium 23 1.3 - 3.314 - Chapman 1975, 1978
(swim-up), chloride
Oncorhynchus
mykiss
Rainbow trout F, M Cadmium 23 1.0 - 2.549 - Chapman 1978
(parr), chloride
Oncorhynchus
mykiss

Rainbow trout F, M Cadmium 23 4.1 - 10.45 - Chapman 1975



Table la. Continued

Hardness

(mg/L as LC50 or EC50 LC50 or
Species Method Chemica CaCo03) (Total ng/L)® ECS0 (Diss.

B 1 wa/L)

Rainbow trout F, M Cadmium - 6.6 -
(2 mo), nitrate
Oncorhynchus
mykiss
Rainbow trout, F, M Cadmium 31 1.75 -
Oncorhynchus sulfate
mykiss
Rainbow trout (8.8, M, T  Cadmium 44 .4 3 -
), chloride
Oncorhynchus
mykiss
Rainbow trout F, M, T Cadmium 9.2 <0.5 -
(fry), chloride
Oncorhynchus
mykiss
Brown trout, S, M Cadmium 39-48 1.4 -
Salmo trutta chloride
Brook trout, S, M Cadmium 42 <1.5 -
Salvelinus sulfate
fontinalis
Brook trout, F, M Cadmium 47 .4 5,080 -
Salvelinus chloride
fontinalis
Goldfish, S, U Cadmium 20 2,340 -
Carassius auratus chloride
Goldfish, S, M Cadmium 20 2,130 -
Carassius auratus chloride
Goldfish, S, M Cadmium 140 46,800 -
Carassius auratus chloride
Goldfish (8.8 g), F, M, T  Cadmium 44 .4 748 -
Carassius auratus chloride
Common carp R, U Cadmium - 140 -
(yolk absorbed), chloride
Cyprinus carpio
Common carp R, U Cadmium - 2,840 -

LC50 or
EC50 Adj .-
to Th=50

(Total

na/Ll)

<3.844

5,418

7,058

6,425

13,535

Species Mean
Acute Value

at TH=50
(Total Reference
ug/L)e
- Hale 1977
- Davies 1976
- Phipps and Holcombe
1985
4.296 Cusimano et al. 1986
1.656 Spehar and Carlson
1984a,b
- Carroll et al. 1979
- Holcombe et al. 1983
- Pickering and
Henderson 1966
- McCarty et al. 1978
- McCarty et al. 1978
863.1 Phipps and Holcombe

1985

Ramesha et al. 1997

Ramesha et al. 1997



Table la. Continued

Hardness

(mg/L as LC50 or EC50
Species Method Chemica CaCo0s) (Total ug/L)*

. 1

Common carp R, Cadmium - 2,910
(advanced fry), chloride
Cyprinus carpio
Common carp R, Cadmium - 4,560
(fingerling), chloride
Cyprinus carpio
Common carp (fry), S, Cadmium 100 4,300¢
Cyprinus carpio nitrate
Common carp S, Cadmium 100 17,1004
(fingerling), nitrate
Cyprinus carpio
Common carp, S, - 55 240 (at 28NC)
Cyprinus carpio
Red shiner S, M, T Cadmium 85.5 6,620
(0.8 - 2.09) sulfate
Notropis lutrensis
Fathead minnow, S, Cadmium 20 1,050¢
Pimephales chloride
promelas
Fathead minnow, S, Cadmium 20 630¢
Pimephales chloride
promelas
Fathead minnow, S, Cadmium 360 72,600¢
Pimephales chloride
promelas
Fathead minnow, S, Cadmium 360 73,500¢
Pimephales chloride
promelas
Fathead minnow, F, Cadmium 201 11,200¢
Pimephales sulfate
promelas
Fathead minnow, F, Cadmium 201 12,000¢
Pimephales sulfate
promelas
Fathead minnow, F, Cadmium 201 6,400¢
Pimephales sulfate
promelas
Fathead minnow, F, Cadmium 201 2,000¢

EC50 (Diss.

LC50 or
EC50 Adj .-
to Th=50

(Total
wa/Ll)

1,865¢

7,418¢

3,167¢

1,900¢

6,729¢

6,812¢

2,095¢

2,245¢

1,197

374.1¢

Species Mean
Acute Value
at TH=50
(Total

Reference

ua/L)C

214.0

3,468

Ramesha et al. 1997

Ramesha et al. 1997

Suresh et al. 1993a

Suresh et al. 1993a

Rehwoldt et al. 1972

Carrier and Beitinger
1988a

Pickering and
Henderson 1966

Pickering and
Henderson 1966

Pickering and
Henderson 1966

Pickering and
Henderson 1966

Pickering and Gast
1972

Pickering and Gast
1972

Pickering and Gast
1972

Pickering and Gast



Table la. Continued

Species Mean

Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj.- at TH=50
Species Method Chemica CaCo0s) (Total ug/1L)° ECS0 (Diss. to Th=50 (Total Reference
B 1 wa/L) Total wa/L)°
ua/L)
Fathead minnow, F, M Cadmium 201 4,500 - 841.7¢ - Pickering and Gast
Pimephales sulfate 1972
promelas
Fathead minnow S, M Cadmium 40 21.5 - 28.13 - Spehar 1982
(fry), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 48 11.7 - 12.29 - Spehar 1982
(fry), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 39 19.3 - 26.04 - Spehar 1982
(fry), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 45 424 - 48.14 - Spehar 1982
(fry), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 47 54.2 - 58.40 - Spehar 1982
(fry), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 44 29.0 - 33.83 - Spehar 1982
(fry), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 103 3,060 - 1,281¢ - Birge et al. 1983
(adult), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 103 2,900¢ - 1,214 - Birge et al. 1983
(adult), chloride
Pimephales
promelas
Fathead minnow S, M Cadmium 103 3,100¢ - 1,298 - Birge et al. 1983
(adult), chloride
Pimephales
promelas

Fathead minnow S, M Cadmium 254-271 7,160¢ - 968.7¢ - Birge et al. 1983



Table la. Continued

Species Mean

Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj.- at TH=50
Species Method Chemica CaCo0s) (Total ug/1L)° ECS0 (Diss. to Th=50 (Total Reference
B 1 wa/L) Total wa/L)°
ua/L)
Fathead minnow, S, M Cadmium 39-48 1,280¢ - 1,493¢ - Spehar and Carlson
Pimephales chloride 1984a,b
promelas
Fathead minnow S, U Cadmium 120 >150" - >52_24h - Hall et al. 1986
(14-30 d), chloride
Pimephales
promelas
Fathead minnow S, M, T Cadmium 85.5 3,580¢ - 1,876¢ - Carrier and Beitinger
(0.8 - 2.0 9) sulfate 1988a
Pimephales
promelas
Fathead minnow S, U Cadmium 60 210 - 168.6 - Rifici et al. 1996
(<24 hr), nitrate
Pimephales
promelas
Fathead minnow (1- S, U Cadmium 60 180 - 144.5 - Rifici et al. 1996
2 d), nitrate
Pimephales
promelas
Fathead minnow S, M, T Cadmium 280-300 73 (pH=6-6.5) - 8.780 - Schubauer-Berigan et
(<24 hr), nitrate 60 (pH=7-7.5) - 7.216 - al. 1993
Pimephales 65 (pH=8-8.8) - 7.817 -
promelas
Fathead minnow S, M, T Cadmium 141 3,465¢ 2,509 993.6¢ - Sherman et al. 1987
(uvenile), chloride
Pimephales
promelas
Fathead minnow F, M, T Cadmium 44 .4 1,500¢ - 1,731¢ - Phipps and Holcombe
(0.6 9), chloride 1985
Pimephales
promelas
Fathead minnow (30F, M, T  Cadmium 44 13.2 - 15.40 15.40 Spehar and Fiandt 1986
d), nitrate
Pimephales
promelas
Colorado squawfish S, U Cadmium 199 78 - 14.77 - Buhl 1997
(larva), chloride

Ptychocheilus
lucius



Table la. Continued

Hardness

(mg/L as LC50 or EC50 LC50 or
Species Method Chemica CaC03) (Total xg/L)° ECS0 (Diss.

B 1 wa/L)

Colorado squawfish S, U Cadmium 199 108 -
(uvenile), chloride
Ptychocheilus
lucius
Northern pike F, M Cadmium 20-30 1,092 -
minnow (Juvenile), chloride
Ptychocheilus
oregonensis
Northern pike F, M Cadmium 20-30 1,104 -
minnow (Juvenile), chloride
Ptychocheilus
oregonensis
Bonytail (larva), S, U Cadmium 199 148 -
Gila elegans chloride
Bonytail S, U Cadmium 199 168 -
(uvenile), chloride
Gila elegans
White sucker, F, M Cadmium 18 1,110 -
Catostomus chloride
commersoni
Razorback sucker S, U Cadmium 199 139 -
(larva), Xyrauchen chloride
texanus
Razorback sucker S, U Cadmium 199 160 -
(uvenile), chloride
Xyrauchen texanus
Channel catfish F, M, T  Cadmium 444 4,480 -
(7.4 9), chloride
Ictalurus
punctatus
Banded killifish, S, M - 55 110 -
Fundulus diaphanus
Flagfish, F, M Cadmium 44 2,500 -
Jordanella chloride

floridae

LC50 or
EC50 Adj .-
to Th=50

(Total
wa/Ll)

20.45

2,545

26.32

30.29

Species Mean
Acute Value

at TH=50
(Total Reference
ug/L)e
17.38 Buhl 1997
- Andros and Garton 1980
2,531 Andros and Garton 1980
- Buhl 1997
29.85 Buhl 1997
3,801 Duncan and Klaverkamp
1983
- Buhl 1997
28.23 Buhl 1997
5,169 Phipps and Holcombe
1985
98.07 Rehwoldt et al. 1972
2,916 Spehar 1976a,b



Reference

Table la. Continued
Species Mean
Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50

Species Method Chemica CaCo03) (Total ng/L)® ECS0 (Diss. to Th=50 (Total

B 1 wa/L) Total wa/L)e

ua/L)

Mosquitofish, F, Cadmium 11.1 900 - 5,519 -
Gambusia affinis chloride
Mosquitofish, F, Cadmium 11.1 2,200 - 13,490 8,628
Gambusia affinis chloride
Guppy, S, Cadmium 20 1,270 - 3,831 3,831
Poecilia chloride
reticulata
Threespine S, Cadmium 115 6,500 - 2,383 -
stickleback, chloride
Gasterosteus
aculeatus
Threespine R, Cadmium 103-111 23,000 - 9,196 4,681
stickleback, chloride
Gasterosteus
aculeatus
White perch, S, - 55 8,400 - 7,489 7,489
Morone americana
Striped bass, S, - 55 1,100 - 980.7¢ -
Morone saxatilis
Striped bass S, Cadmium 34.5 1 - 1.564¢ -
(larva), chloride
Morone saxatilis
Striped bass S, Cadmium 34.5 2 - 3.128¢ -
(fingerling), chloride
Morone saxatilis
Striped bass S, Cadmium 40 4 - 5.234 -
(63 d), chloride
Morone saxatilis
Striped bass S, Cadmium 285 10 - 1.228 2.535
(63 d), chloride
Morone saxatilis
Green sunfish, S, Cadmium 20 2,840 - 8,566 -
Lepomis cyanellus chloride
Green sunfish, S, Cadmium 360 66,000 - 6,117 -
Lepomis cyanellus chloride

Giesy et al. 1977

Giesy et al. 1977

Pickering and
Henderson 1966

Pascoe and Cram 1977

Pascoe and Mattey 1977

Rehwoldt et al. 1972
Rehwoldt et al. 1972
Hughes 1973
Hughes 1973
Palawski et al. 1985
Palawski et al. 1985

Pickering and
Henderson 1966

Pickering and
Henderson 1966



Table 1. Continued

Species Mean

Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50
Species Method Chemica CaC03) (Total xg/L)° ECS0 (Diss. to Th=50 (Total Reference
B 1 wa/L) Total wa/L)°
ua/L)
Green sunfish S, M, T Cadmium 85.5 11,520 - 6,036 - Carrier and Beitinger
(uvenile), sulfate 1988b
Lepomis cyanellus
Green sunfish, F, M Cadmium 335 20,500 - 2,072 2,072 Jude 1973
Lepomis cyanellus chloride
Pumpkinseed, S, M - 55 1,500 - 1,337 1,337 Rehwoldt et al. 1972
Lepomis gibbosus
Bluegill, S, U Cadmium 20 1,940 - 5,852 - Pickering and
Lepomis chloride Henderson 1966
macrochirus
Bluegill, S, M Cadmium 18 3,860 - 13,219 - Bishop and Mclntosh
Lepomis chloride 1981
macrochirus
Bluegill, S, M Cadmium 18 2,800 - 9,589 - Bishop and Mclntosh
Lepomis chloride 1981
macrochirus
Bluegill, S, M Cadmium 18 2,260 - 7,740 - Bishop and Mclntosh
Lepomis chloride 1981
macrochirus
Bluegill, F, M Cadmium 207 21,100 - 3,809 - Eaton 1980
Lepomis chloride
macrochirus
Bluegill (1.0 g), F, M, T  Cadmium 44 .4 6,470 - 7,466 5,333 Phipps and Holcombe
Lepomis chloride 1985
macrochirus
Tilapia R, U Cadmium 28.4 6,000¢ - 11,861 11,861 Gaikwad 1989
Oreochromis chloride
mossambica
African clawed R, U Cadmium 112-120 3,597 - 1,305 1,305 Sunderman et al. 1991
frog, chloride
Xenopus laevis
Salamander F, M, T Cadmium 45 468.4 - 531.8 531.8 Nebeker et al. 1995

(3 mo larva), chloride
Ambystoma gracile



Table la. Continued

Species Mean

Hardness LC50 or Acute Value
(mg/L as LC50 or EC50 LC50 or EC50 Adj .- at TH=50
Species Method Chemica CaC03) (Total xg/L)° ECS0 (Diss. to Th=50 (Total Reference
- 1 ua/L) (Total ug/L)e
ua/L)
Table la. Continued
LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method? Chemical (g/kg) (Total ng/L)® (Diss. ug/L) (Total wng/L) Reference
SALTWATER SPECIES
Polychaete worm (adult), S, U Cadmium - 12,000 - - Reish et al. 1976
Neanthes arenaceodentata chloride
Polychaete worm S, U Cadmium - 12,500 - - Reish et al. 1976
(uvenile), chloride
Neanthes arenaceodentata
Polychaete worm, Neanthes S, U Cadmium - 14,100 - 12,836 Reish and LeMay 1991
arenaceodentata chloride
Polychaete worm, S, U Cadmium - 4,700 - 4,700 Reish and LeMay 1991
Nereis grubei chloride
Sand worm, S, U Cadmium - 11,000 - - Eisler 1971
Nereis virens chloride
Sand worm, S, U Cadmium - 9,300 - 10,114 Eisler and Hennekey 1977
Nereis virens chloride
Polychaete worm (adult), S, U Cadmium - 7,500¢ - - Reish et al. 1976
Capitella capitata chloride
Polychaete worm, S, U Cadmium - 2,800¢ - - Reish and LeMay 1991
Capitella capitata chloride
Polychaete worm (larva), S, U Cadmium - 200 - 200 Reish et al. 1976
Capitella capitata chloride
Polychaete worm, S, U Cadmium - 2,600 - 2,600 Reish and LeMay 1991
Pectinaria californiensis chloride
Oligochaete worm, R, U Cadmium - 10,000 - 10,000 Chapman et al. 1982a
Limnodriloides verrucosus sulfate
Oligochaete worm, R, U Cadmium - 135,000 - 135,000 Chapman et al. 1982a
Monopy lephorus sulfate
cuticulatus
Oligochaete worm, R, U Cadmium - 24,000 - 24,000 Chapman et al. 1982a
Tubificoides gabriellae sulfate
Oyster drill, S, U Cadmium - 6,600 - 6,600 Eisler 1971



Mud snail, S, U Cadmium - 10,500 - - Eisler 1971
Nassarius obsoletus chloride

Mud snail, S, U Cadmium - 35,000 - 19,170 Eisler and Hennekey 1977
Nassarius obsoletus chloride

Blue mussel, S, U Cadmium - 25,000¢ - - Eisler 1971

Mytilus edulis chloride

Blue mussel, S, M Cadmium - 1,620¢ - - Ahsanullah 1976
Mytilus edulis chloride

Blue mussel, F, M Cadmium - 3,600¢ - - Ahsanullah 1976
Mytilus edulis chloride

Blue mussel, F, M Cadmium - 4,300¢ - - Ahsanullah 1976
Mytilus edulis chloride

Blue mussel (embryo), S, U Cadmium - 1,200 - - Martin et al. 1981
Mytilus edulis chloride

Blue Mussel Juvenile), R, U Cadmium 2.5 960 - 1,073 Nelson et al. 1988
Mytilus edulis chloride

Bay scallop (Juvenile), S, U Cadmium - 1,480 - 1,480 Nelson et al. 1976
Argopecten irradians chloride

Pacific oyster (embryo), S, U Cadmium - 611 - - Martin et al. 1981
Crassostrea gigas chloride

Pacific oyster (larva), S, U Cadmium - 85 - 227.9 Watling 1982
Crassostrea gigas chloride

Eastern oyster (larva), S, U Cadmium - 3,800 - 3,800 Calabrese et al. 1973
Crassostrea virginica chloride

Soft-shell clam, S, U Cadmium - 2,200 - - Eisler 1971

Mya arenaria chloride

Soft-shell clam, S, U Cadmium - 2,500 - - Eisler and Hennekey 1977
Mya arenaria chloride

Soft-shell clam, S, U Cadmium - 850 - 1,672 Eisler 1977

Mya arenaria chloride

Squid (larva), S, M, T Cadmium 30 >10,200 - >10,200 Dinnel et al. 1989
Loligo opalescens chloride

Copepod, S, U Cadmium - 1,708 - 1,708 Gentile 1982
Pseudodiaptomus coronatus chloride

Copepod, S, U Cadmium - 1,080¢ - - Gentile 1982
Eurytemora affinis chloride

Copepod (naupilus), S, U Cadmium - 147.7 - 147.7 Sullivan et al. 1983
Eurytemora affinis chloride

Copepod, S, U Cadmium - 144 - 144 Gentile 1982



Table la. Continued

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method* Chemica (a/ka) (Total xg/L)° (Diss. wg/L) (Total ug/L)° Reference
|
Copepod, S, U Cadmium - 90 - - Sosnowski and Gentile 1978
Acartia tonsa chloride
Copepod, S, U Cadmium - 122 - - Sosnowski and Gentile 1978
Acartia tonsa chloride
Copepod, S, U Cadmium - 220 - - Sosnowski and Gentile 1978
Acartia tonsa chloride
Copepod, S, U Cadmium - 337 - - Sosnowski and Gentile 1978
Acartia tonsa chloride
Copepod (adult), S, U Cadmium 15 93 (18NC) - - Toudal and Riisgard 1987
Acartia tonsa chloride
Copepod (adult), S, U Cadmium 20 151 (13NC) - - Toudal and Riisgard 1987
Acartia tonsa chloride
Copepod (adult), S, U Cadmium 20 29 (21NC) - 118.7 Toudal and Riisgard 1987
Acartia tonsa chloride
Copepod, S, M, T Cadmium 30.7 224 - 224 Green et al. 1993
Amphiascus tenuiremis nitrate
Copepod, S, U Cadmium - 1,800 - - Bengtsson 1978
Nitocra spinipes chloride
Copepod, F, U Cadmium 3 430 - - Bengtsson and Bergstrom
Nitocra spinipes chloride 1987
Copepod, F, U Cadmium 7 660 - - Bengtsson and Bergstrom
Nitocra spinipes chloride 1987
Copepod, F, U Cadmium 15 780 - 794.5 Bengtsson and Bergstrom

Nitocra spinipes chloride 1987



Table la. Continued

Species

Mysid (7 d),
Americamysis bahia

Mysid (7 d),
Americamysis bahia

Mysid (7 d),
Americamysis bahia

Mysid (7 d),
Americamysis bahia

Mysid (7 d),
Americamysis bahia

Mysid (<24 hr),
Americamysis bahia

Mysid (<24 hr),
Americamysis bahia
Mysid,
Americamysis bahia

Mysid,
Americamysis bahia

Mysid,
Mysidopsis bigelowi

losopd,
Jaeropsis sp.

Isopod,
Limnoria tripunctata

Amphipod,
Ampelisca abdita

Amphipod (adult),
Ampelisca abdita

Amphipod (adult),
Marinogammarus obtusatus

Amphipod (young),
Marinogammarus obtusatus

DeLisle and Roberts 1988

DeLisle and Roberts 1988

DeLisle and Roberts 1988

DeLisle and Roberts 1988

DeLisle and Roberts 1988

Voyer and Modica 1990

Voyer and Modica 1990

Gentile et al. 1982;
Lussier et al. Manuscript
Gentile et al. 1982

Hong and Reish 1987

Hong and Reish 1987
Redmond et al. 1994

Scott et al. Manuscript

Wright and Frain 1981

Wright and Frain 1981

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Method®* Chemica (a/ka) (Total ng/L) (Diss. ug/L) (Total ng/L)° Reference
|
S, M, T, Cadmium 6 14.7 2.8 -
D chloride
S, M, T, Cadmium 14 38.0 3.6 -
D chloride
S, M, T, Cadmium 22 70.4 4.1 -
D chloride
S, M, T, Cadmium 30 77.3 2.9 -
D chloride
S, M, T, Cadmium 38 90.3 2.3 -
D chloride
S, M, T - 10 30.9 (20NC) - -
<11.1 (30NC) - -
S, M, T - 30 82.0 (20NC) - -
32.8 (25NC) - -
<11.1 (30NC) - -
F, M Cadmium 15-23 15.5 - - Nimmo et al. 1977a
chloride
F, M Cadmium 30 110 - 41.29
chloride
F, M Cadmium 30 110 - 110
chloride
S, U Cadmium 35 410.0 - 410.0
chloride
S, U Cadmium 35 7,120 - 7,120
chloride
S, M, T Cadmium 28 400 - -
chloride
F, M Cadmium - 2,900 - 2,900
chloride
S, M Cadmium - 13,000¢ - -
chloride
S, M Cadmium - 3,500 - 3,500
chloride



Table la. Continued

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method* Chemica (a/ka) (Total xg/L)° (Diss. wg/L) (Total ug/L)° Reference
|
Amphipod, S, U Cadmium 35 630 - 630 Hong and Reish 1987
Chelura terebrans chloride
Amphipod, S, U Cadmium 35 1,270 - - Hong and Reish 1987
Corophium insidiosum chloride
Amphipod (8-12 mm), S, U Cadmium - 680 - 929.3 Reish 1993
Corophium insidiosum chloride
Amphipod (Juvenile), S, M, T Cadmium 20 (4NC) 49,400f - - Gossiaux et al. 1992
Diporeia spp. chloride 20 (10NC) 17,500f - -
20 (15NC) 6,700 - 6,700

Amphipod, S, U Cadmium 35 570 - - Hong and Reish 1987
Elasmopus bampo chloride
Amphipod (8-12 mm), S, U Cadmium - 900 - 716.2 Reish 1993
Elasmopus bampo chloride
Amphipod (3-5 mm), R, M, T Cadmium 30 41,900 - - Meador 1993
Eohaustorius estuarius chloride (held 11 d before

testing)

36,100 - -

(held 17 d before
testing)
14,500 - 27,992
(held 121 d before

testing)
Amphipod, S, U Cadmium 35 1,170 - 1,170 Hong and Reish 1987
Grandidierella japonica chloride
Amphipod (500 um), S, U Cadmium 8 360 - - McGee et al. 1998
Leptocheirus plumulosus chloride
Amphipod (700 um), S, U Cadmium 8 650 - - McGee et al. 1998
Leptocheirus plumulosus chloride
Amphipod (1,000 um), S, U Cadmium 8 880 - 590.5 McGee et al. 1998
Leptocheirus plumulosus chloride
Pink shrimp (subadult), F, M Cadmium - 3,500¢ - - Nimmo et al. 1977b
Penaeus duorarum chloride
Pink shrimp S, U cadmium 25 310.5 - 310.5 Cripe 1994
(2™ post larva), chloride
Penaeus duorarum
Grass shrimp (adult), S, U Cadmium 20 1,830 - - Khan et al. 1988
Palaemonetes pugio chloride (Big Sheepshead

Creek)



Table la. Continued

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method* Chemica (a/ka) (Total xg/L)° (Diss. wg/L) (Total ug/L)° Reference
|
Grass shrimp (adult), S, U Cadmium 20 3,280 - - Khan et al. 1988
Palaemonetes pugio chloride (Pine Creek)
Grass shrimp (Juvenile). S, M, T Cadmium 10 1,300 - 1,983 Burton and Fisher 1990
Palaemonetes pugio chloride
Grass shrimp, S, U Cadmium - 420 - - Eisler 1971
Palaemonetes vulgaris chloride
Grass shrimp, F, M Cadmium - 760 - 760 Nimmo et al. 1977b
Palaemonetes vulgaris chloride
Sand shrimp, S, U Cadmium - 320 - 320 Eisler 1971
Crangon septemspinosa chloride
American Lobster (larva), S, U Cadmium - 78 - 78 Johnson and Gentile 1979
Homarus americanus chloride
Hermit crab, S, U Cadmium - 320 - - Eisler 1971
Pagurus longicarpus chloride
Hermit crab, S, U Cadmium - 1,300 - 645.0 Eisler and Hennekey 1977
Pagurus longicarpus chloride
Rock crab (zoea), F, M Cadmium - 250 - 250 Johns and Miller 1982
Cancer irroratus chloride
Dungeness crab (zoea), S, U Cadmium - 247 - - Martin et al. 1981
Cancer magister chloride
Dungeness crab (zoea), S, M, T Cadmium 30 200 - 222.3 Dinnel et al. 1989
Cancer magister chloride
Blue crab (Juvenile), S, U Cadmium 35 11,600 - - Frank and Robertson 1979
Callinectes sapidus chloride
Blue crab (Juvenile), S, U Cadmium 15 4,700 - 7,384 Frank and Robertson 1979
Callinectes sapidus chloride
Green crab, S, U Cadmium - 4,100 - 4,100 Eisler 1971
Carcinus maenas chloride
Fiddler crab, S, U Cadmium 20 46,600 - - 0 ™Hara 1973a
Uca pugilator chloride
Fiddler crab, S, U Cadmium 30 37,000 - - 0 ™Hara 1973a
Uca pugilator chloride
Fiddler crab, S, U Cadmium 10 32,300 - - 0 ™Hara 1973a
Uca pugilator chloride
Fiddler crab, S, U Cadmium - 23,300 - - 0 ™Hara 1973a



Table la. Continued

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method®* Chemica (a/ka) (Total ug/L)°* (Diss. ug/L) (Total ug/L)° Reference
|
Fiddler crab, S, U Cadmium - 10,400 - - 0 ™Hara 1973a
Uca pugilator chloride
Fiddler crab, S, U Cadmium - 6,800 - 21,238 0 ™Hara 1973a
Uca pugilator chloride
Starfish, S, U Cadmium - 820 - - Eisler 1971
Asterias forbesi chloride
Starfish, S, U Cadmium - 7,100 - 2,413 Eisler and Hennekey 1977
Asterias forbesi chloride
Green sea urchin S, M, T Cadmium 30 1,800 - 1,800 Dinnel et al. 1989
(embryo), chloride
Strongylocentrotus
droebachiensis
Purple sea urchin S, M, T Cadmium 30 500 - 500 Dinnel et al. 1989
(embryo), chloride
Strongylocentrotus
purpuratus
Sand dollar (embryo), S, M, T Cadmium 30 7,400 - 7,400 Dinnel et al. 1989
Dendraster excentricus chloride
Coho salmon (smolt), F, M, T Cadmium 28.3 1,500 - 1,500 Dinnel et al. 1989
Oncorhynchus kisutch chloride
Sheepshead minnow, S, U Cadmium - 50,000 - 50,000 Eisler 1971
Cyprinodon variegatus chloride
Mummichog (adult), S, U Cadmium - 49,000 - - Eisler 1971
Fundulus heteroclitus chloride
Mummichog (Juvenile), S, U Cadmium 20 114,000 - - Voyer 1975
Fundulus heteroclitus chloride
Mummichog (Juvenile), S, U Cadmium 20 92,000 - - Voyer 1975
Fundulus heteroclitus chloride
Mummichog (Juvenile), S, U Cadmium 20 78,000 - - Voyer 1975
Fundulus heteroclitus chloride
Mummichog (Juvenile), S, U Cadmium 10 73,000 - - Voyer 1975
Fundulus heteroclitus chloride
Mummichog (Juvenile), S, U Cadmium 10 63,000 - - Voyer 1975
Fundulus heteroclitus chloride
Mummichog (Juvenile), S, U Cadmium 32 31,000 - - Voyer 1975
Fundulus heteroclitus chloride

Mummichog (Juvenile), S, U Cadmium 32 30,000 - - Voyer 1975



Table la. Continued

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method* Chemica (a/kq) (Total ng/L)* (Diss. ug/L) (Total ng/L)° Reference
|
Mummichog (Juvenile), S, U Cadmium 32 29,000 - - Voyer 1975
Fundullus heteroclitus chloride
Mummichog (adult), S, U Cadmium - 22,000 - - Eisler and Hennekey 1977
Fundullus heteroclitus chloride
Mummichog (12-20 mm), F, M, T Cadmium 14 18,200 - 18,200 Lin and Dunson 1993
Fundullus heteroclitus sulfate
Striped killifish S, U Cadmium - 21,000 - 21,000 Eisler 1971
(adult), chloride
Fundulus majalis
Rivulus (30 d juvenile) S, M, T Cadmium 10 18,8004 - - Park et al 1994
Rivulus marmoratus chloride
Rivulus (120 d adult), S, M, T Cadmium 10 32,200¢ - - Park et al 1994
Rivulus marmoratus chloride
Rivulus (11-18 mm), F, M, T Cadmium 14 21,1004 - - Lin and Dunson 1993
Rivulus marmoratus sulfate
Rivulus (7 d larva), S, M, T Cadmium 10 800 - 800 Park et al 1994
Rivulus marmoratus chloride
Atlantic silverside S, U Cadmium - 2,032¢ - - Cardin 1982
(adult), chloride
Menidia menidia
Atlantic silverside S, U Cadmium - 28,5324 - - Cardin 1982
(uvenile), chloride
Menidia menidia
Atlantic silverside S, U Cadmium - 13,652 - - Cardin 1982
(uvenile), chloride
Menidia menidia
Atlantic silverside S, U Cadmium - 1,054 - - Cardin 1982
(larva), chloride
Menidia menidia
Atlantic silverside S, U Cadmium - 577 - 779.8 Cardin 1982
(larva), chloride
Menidia menidia
Striped bass (63 d), S, U Cadmium 1 75.0 - 75.0 Palawski et al. 1985
Morone saxatilis chloride
Cabezon (larva), S, M, T Cadmium 27 >200 - >200.0 Dinnel et al. 1989
Scorpaenichthys chloride
marmoratus
Shiner perch F, M, T Cadmium 30.1 11,000 - 11,000 Dinnel et al. 1989



Table la. Continued

LC50 Species Mean
Salinity or EC50 LC50 or EC50 Acute Value
Species Method* Chemica (a/ka) (Total xg/L)° (Diss. wg/L) (Total ug/L)° Reference
|
Striped mullet S, Cadmium 37.3 28,000¢ - - Hilmy et al. 1985
(50 mm juvenile), chloride
Mugil cephalus
Striped mullet S, Cadmium 37.3 7,079 - 7,079 Hilmy et al. 1985
(10 mm fry), chloride
Mugil cephalus
Winter flounder (larva), S, Cadmium - 602} - - Cardin 1982
Pseudopleuronectes chloride
americanus
Winter flounder (larva), S, Cadmium - 14,297 - 14,297 Cardin 1982
Pseudopleuronectes chloride
americanus
a S=static, R=renewal, F=flow-through, M=measured, U=unmeasured, T=total measured concentration, D=dissolved metal concentration measur
b Results are expressed as cadmium, not as the chemical.
c Freshwater Species Mean Acute Values are calculated at a hardness of 50 mg/L using the pooled slope. SMAVs calculated using Lotus s

—-—TQ =D O

values presented may be different than those calculated with a hand held calculator due to rounding.

associated underlined number(s) in the preceding column.

Not used
Not used
Not used

in calculations because data are available for a more sensitive life stage.
in calculations (see text).
in calculations because data are available for a more sensitive test condition.

Average of values calculated using log-probit and Spearman-Karber statistical methods.

“Greater than’” and

“Qess than”” values were not used

in calculations.

No Species Mean Acute Value calculated because acute values are too divergent for this species.

Not used

in calculations because this

lower value was obtained

in artificial sea water.

Each SMAV was calculated from t



Table 1b. Results of Covariance Analysis of Freshwater Acute Toxicity versus Hardness

Species

Limnodrilus hoffmeisteri

Ceriodaphnia reticulata

Daphnia magna
(all data)

Daphnia magna

(Chapman et al.

Daphnia pulex
Goldfish
Fathead minnow
Green sunfish
Bluegill
Chinook salmon

Striped bass

All of above using all data

for D. magna

Manuscript)

All of above except using
only data from Chapman et
al. (Manuscript) for D.

magna

Results of Covariance Analysis of Freshwater Acute Toxicity versus Hardness

n
2
3

29

93

69

Slope
0.7888

0.6064

0.1720

1.1824*

0.9447*
1.4608
1.5351*
0.8986
0.8647*
1.2576*
0.8089

0.9931*@

1.2049*#

95% Confidence Limits

Error Degrees of Freedom

cannot calculate
0.3422, 0.8706

-0.5658, 0.9099

0.6042, 1.7606

0.3499, 1.5395
-1.3925, 4.3141
0.5523, 2.5179
0.1508, 1.6464
0.5199, 1.2095
0.8766, 1.6386
-0.3206, 1.9384

0.6301, 1.3561

0.8078, 1.6021

0

1

27

58

* Slope is significantly different than 0 (p<0.05).
@ Individual slopes not significantly different (p=0.66).
# Individual slopes not significantly different (p=0.99).



Species

Table 2a.

Test Chamica

Oligochaetel C
Aeolosoma
headleyi

Snail, LC
Aplexa
hypnorum

Snail, LC
Aplexa
hypnorum

Cladoceran, LC
Ceriodaphnia
dubia

Cladoceran, LC
Daphnia
magna

Cladoceran, LC
Daphnia
magna

Cladoceran, LC
Daphnia
magna

Cadnium
chlorid

Cadnium
chlorid

Cadnium
chlorid

cadhiium
chlorid

Cadnium
chlorid

Hardnes
s
(mg/L
as
CaCO3)

65

45.3

45.3

20

53

103

209

Chronic Toxicity of Cadmium to Aquatic Animals

Chronic
Limits
Total
(ug/L)"

FRESHWATER SPECIES

Chroni
C
Limits
Diss.

(]

Chronic Chronic

Value
Total

(ua/L)®

4.41-7.63

2.904.°

10-19

0.8-0.9

0.16-0.28

0.2-0.91

25.19

5.801

3.460

13.78

0.1523

0.2117

0.4371

Species
Chronic Mean
Value Adj. Chronic
to TH=50 Value
(Total at TH=50
ug/L) (Total
na/L)
19.42 19.42
6.398 -
3.816 4.941
34.19 34.19
0.1437 -
0.1034 -
0.1058 -

Reference

Niederleher
1984

Holcombe et
al. 1984

Holcombe et
al. 1984

Jop et al.
1995

Chapman et
al.
Manuscript

Chapman et
al.
Manuscript

Chapman et
al.
Manuscript



Table 2a. Continued

Chronic Cwoni Chronic Chronic Chronic Species

Hardhbes Limits C Value Value Value Mean
S Total Limits Total Diss. Total at Chronic
Species Test Qemia (mg/L  (ug/L)° Diss. (ug/L)° (ua/L)° TH=50 Value Reference
1 as W (Total at TH=50
CaCoy) na/L) (Total
©ug/L)
Cladoceran, LC Cadmium 150 0.5-1.0 - 0.7071 - 0.2379 - Bodar et al.
Daphnia chlorid 1988b
magna e
Cladoceran, LC Cadniun 130 <1.86- - <1.86 - <0.7211 0.1933 Borgmann et
Daphnia chlorid 1.86 al. 1989
magna e
Cladoceran, LC - 65 - - 7.49 - 5.774 5.774 Niederlehner
Daphnia 1984
pulex
Amphipod, LC Cadniun 280 0.5-2.0 - 1.000 - 0.1811 0.1811 Ingersoll
Hyalella chlorid and Kemble
azteca e Manuscript
Midge, LC Cadniun 280 5.8-16.4 - 9.753 - 1.767 1.767 Ingersoll
Chironomus chlorid and Kemble
tentans e Manuscript
Coho salmorELS Cadnium 44 1.3-3.4 - 2.102 - 2.386 - Eaton et al.
(Lake chlorid 1978
Supr.), e
Oncorhynchus

kisutch



Table 2a. Continued

Chronic Cwoni Chronic Chronic Chronic Species

Hardhes Limits C Value Value Value Mean
S Total Limits Total Diss. Total at Chronic
Species Test Qemia (mg/L  (ug/L)° Diss. (ug/L)° (ua/L)° TH=50 Value Reference
1 as W (Total at TH=50
CaC03) ua/L) (Total
na/L)
Coho salmornELS Cadnium 44 4.1-12.5 - 7.159 - 8.127 4.404 Eaton et al.
(West chlorid 1978
Coast), e
Oncorhynchus
kisutch
Chinook ELS Cadnium 25 1.3-1.88 - 1.563 - 3.108 3.108 Chapman 1975
salmon, chlorid
Oncorhynchus e
tshawytscha
Rainbow LC  Cadnium 250 3.3548 - 4.310 - 0.8736 0.8736 Brown et al.
trout (270 ulfate 1994
d),
Oncorhynchus
mykiss
Atlantic ELS Cadniun 19-28 90-270 - 155.9¢ - 329.6 - Rombough and
salmon, chlorid (5NOC) Garside 1982
Salmo salar e 2.5-8.2 - 4.528 - 9.574 9.574
(9.6NC)
Brown troutELS Cadnium 44 3.8-11.7 - 6.668 - 7.569 - Eaton et al.
Salmo trutta chlorid 1978
e
Brown troutlC Cadnium 250 9.34-20.1 - 16.49 - 3.342 5.029 Brown et al.

Salmo trutta sulfate 1994



Table 2a. Continued

Chronic Cwoni Chronic Chronic Chronic Species

Hades Limits c Value Value Value Mean
S Total Limits Total Diss. Total at Chronic
Species Test Qemia (mg/L  (ug/L)° Diss. (ug/L)° (ua/L)° TH=50 Value Reference
1 as W (Total at TH=50
CaCoy) na/L) (Total
na/L)
Brook troutlC Cadnium 44 1.7-3.4 - 2.404 - 2.729 - Benoit et
Salvelinus chlorid al. 1976
fontinalis e
Brook troutELS Cadmium 37 1-3 - 1.732 - 2.335 - Sauter et
Salvelinus chlorid al. 1976
fontinalis e
Brook trouttLS Cadnium 44 1.1-3.8 - 2.045 - 2.321 2.455 Eaton et al.
Salvelinus chlorid 1978
fontinalis e
Lake trout,ELS Cadmium 44 4.4-12.3 - 7.357 - 8.351 8.351 Eaton et al.
Salvelinus chlorid 1978
namaycush e
Northern ELS Cadmium 44 4.2-12.9 - 7.361 - 8.356 8.356 Eaton et al.
pike, chlorid 1978
Esox lucius e
Fathead LC Cadmiun 201 37-57 - 45_.92 - 11.56 - Pickering
minnow, alfate and Gast
Pimephales 1972
promelas
Fathead ELS Cadnium 44 - - 10.0 - 11.35 11.45 Spehar and
minnow, nitrate Fiandt 1986
Pimephales

promelas



White ELS

sucker,
Catostomus
commersoni

Flagfish,
Jordanella
floridae

Flagfish,
Jordanella
floridae

Flagfish,
Jordanella
floridae

Bluegill,
Lepomis
macrochirus

Bluegill,
Lepomis
macrochirus

Smal Imouth ELS

bass,
Micropterus
dolomieui

Blue
tilapia,
Oreochromis
aurea

LC

LC

LC

LC

LC

LC

Cadnium
chlorid

Cadnium
chlorid
e
Cadnium
chlorid
e
Cadnium
chlorid
e
Cadnium
alfate

Cadmium
chlorid
e
Cadmium
chlorid
e

Cadnium
nitrate

44

44

4.2-12.0

4.1-8.1

44-51 3.0-6.5

44-51 3.4-7.3

207

134

44

145

31-80

NOEC

>32.3

4.3-12.7

>52

7.099

5.763

4.416

4.982

49.80

>32.3

7.390

>52

8.059 8.059
6.542 -
4.646 -
5.242 5.421
12.17 -
>12.15 12.16
8.389 8.389

>18.09 >18.09

Eaton et al.
1978

Spehar 1976a

Carlson et
al. 1982

Carlson et
al. 1982

Eaton 1974

Cope et al.
1994

Eaton et al.
1978

Papoutsoglou
and Abel
1988



Table 2a. Continued
Chronic Chronic Chronic Species
Limits Limits Chronic Value Mean
Slinity Total Dissolved Valle Total Dissolved Chronic
Species Test® Cemia (g/kq) (ua/L)° (uo/L) ua/L) (uwg/L) Value
1 (Total
ug/L)
SALTWATER SPECIES
Mysid, LC Cadniun 15-23 6.4-10.6 - 8.237 - -
Americamysis dhlorid
bahia e
Mysid, LC  Cadnium 30 5.1-10 - 7.141 - -
Americamysis dhlorid
bahia e
Mysid, LC  Cadnium 30 <4-4 - <4 - 6.173
Americamysis dhlorid
bahia e
Mysid, LC  Cadnium - 5.1-10 - 7.141 - 7.141
Mysidopsis dhlorid
bigelowi e

Reference

Nimmo et al.
1977a

Gentile et al.
1982; Lussier
et al.
Manuscript

Carr et al.
1985

Gentile et al.
1982

ELS = early life stage, LC = life cycle or partial life cycle.
b Results are expressed as cadmium, not as the chemical.
¢ Not used in calculations (see text).



Table 2b. Results of Covariance Analysis of Freshwater Chronic Toxicity versus Hardness

Results of Covariance Analysis of Freshwater Chronic Toxicity versus Hardness

Species n Slope BConfidenceLimits Degrees of Freedom
Daphnia magna 4 0.9786 -0.5044, 2.4615 3
(Chapman et al. Manuscript)

Fathead minnow 2 1.0034 Cannot be calculated 1

All species 6* 0.9917 0.3179, 1.6654 5

* Slope 1s significantly different from O (p=0.05).



Table 2c. Acute-Chronic Ratio
Acute-Chronic Ratio

Freshwater Species

Species
Hardness Acute Chronic Mean
Species Reference (mg/L as Value Value Ratio Acute-
CaC0s3) (uwa/L) (uwa/L) Chronic
Ratio
Snail, Holcombe et al. 1984 45.3 93 5.801 16.03 -
Aplexa hypnorum
Snail, Holcombe et al. 1984 45.3 93 3.460 26.88 20.76
Aplexa hypnorum
Cladoceran, Chapman et al. 51 9.9 0.1523 65.00 -
Daphnia magna Manuscript
Cladoceran, Chapman et al. 104 33 0.2117 155.9 -
Daphnia magna Manuscript
Cladoceran, Chapman et al. 209 49 0.4371 112.1 104.3
Daphnia magna Manuscript
Chinook salmon, Chapman 1975, 1982 25 1.41 1.563 0.9021 0.9021
Oncorhynchus tshawytscha
Fathead minnow, Pickering and Gast 19201 5,9952 45.92 130.6 -
Pimephales promelas
Fathead minnow, Spehar and Fiandt 198644 13.2 10.0 1.320 13.13
Pimephales promelas
Flagfish, Spehar 1976a 44 2,500 5.763 433.8 433.8
Jordanella floridae
Bluegill, Eaton 1974 207 21,100 49.80 423.7 423.7

Lepomis macrochirus



Species

Hardness Acute Chronic Mean
Species Reference (mg/L as Value Value Ratio Acute-
CaC0,) (uwg/L) (ug/L) Chronic
Ratio
Saltwater Species
Mysid, Nimmo et al. 1977a - 15.5 8.237 1.882 -
Americamysis bahia
Mysid, Gentile et al. 1982 - 110 7.141 15.40 5.384
Americamysis bahia
Mysid, Gentile et al. 1982 - 110 7.141 15.40 15.40

Mysidopsis bigelowi

a Geometric mean of five values iIn Table 1 from Pickering and Gast (1972).



Table 3a. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios

Genus Mean Species Mean Species Mean
Acute Acute Value Acute-
Rank? Value Species (Total Chronic
(Total ug/L)P Ratio
ug/L)P
FRESHWATER SPECIES
59 78,579 Midge, 78,579 -
Chironomus
riparius
58 12,673 Planarian, 12,673 -
Dendrocoelum
lacteum
57 >12,564 Crayfish, 13,413 -
Orconectes
virilis
Crayfish, >11,769 -
Orconectes
immunis
56 11,861 Tilapia, 11,861 -
Oreochromis
mossambica
55 9,413 Tubificid worm, 9,413 -
Rhyacodrilus
montana
54 8,628 Mosquitofish, 8,628 -

Gambusia affinis



53 8,218
52 8,100
51 5,930
50 5,678
49 5,169

Table 3a. (continued)

Genus Mean

Acute

Rank? Value

(Total

ug/L)"
48 4,781

47 4,781

Tubificid worm,
Stylodrilus
heringianus

Damselfly,
Unidentified.

Tubificid worm,
Spirosperma ferox

Tubificid worm,
Spirosperma
nikolskyi

Tubificid worm,
Varichaeta
pacifica

Channel catfish,
Ictalurus
punctatus

Species

Tubificid worm,
Quistradilus
multisetosus

Tubificid worm,
Tubifex tubifex

8,218

8,100
5,230

6,724

5,678

5,169

Species Mean
Acute Value

(Total
uag/L)°

4,781

4,781

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Rank?

46

45

44

43

42

41

40

39

Genus Mean

Acute
Value

(Total
ua/L)°

4,681

3,831

3,801

3,586

3,468

3,400

2,916

2,454

Species Mean
Acute Value

Species (Total
ug/L)P

Threespine 4,681

stickleback,

Gasterosteus

aculeatus

Guppy , 3,831

Poecilia

reticulata

White sucker, 3,801

Catostomus

commersoni

Tubificid worm, 3,586

Branchiura

sowerbyi

Red shiner, 3,468

Notropis lutrenis

Caddisfly, 3,400

(Unidentified)

Flagfish, 2,916

Jordanella

floridae

Green sunfish, 2,072

Lepomis cyanellus

Species Mean
Acute-
Chronic

Ratio

433.8



Table 3a. (continued)

Rank?

38

37

36

35

34

33

Genus Mean
Acute
Value

(Total
ua/L)°

2,333

1,925

1,700

1,700

1,305

863.1

Species Mean
Acute Value

Species (Total
ug/L)"

Pumpkinseed, 1,337

Lepomis gibbosus

Bluegill, 5,333

Lepomis

macrochirus

MayFfly, 2,333

Ephemerella

grandis

Crayfish, 1,925

Procambarus

clarkii

Amphipod, 1,700

Crangonyx

pseudogracilis

Worm, 1,700

Nais sp.

African clawed 1,305

frog,

Xenopus laevis

Goldfish, 863.1

Carassius auratus

Species Mean
Acute-
Chronic

Ratio

423.7



Table 3a. (continued)

Rank?

32

31

30

29

28

27

26

25

24

Genus Mean

Acute
Value

(Total
ua/L)°

731.0

628.6

531.8

357.2

214.0

213.5

199.1

192.8

162.6

Species Mean
Acute Value

Species (Total
ug/L)P

American eel, 731.0

Anguilla rostrata

Tubificid worm, 628.6

Limnodrilus

hoffmeisteri

Salamander, 531.8

Ambystoma gracile

Isopod, 357.2

Asellus bicrenata

Common carp, 214.0

Cyprinus carpio

Cladoceran, 213.5

Alona affinis

Bryozoan, 199.1

Plumatella

emarginata

Copepod, 192.8

Cyclops varicans

Leech, 162.6

Glossiponia

complanta

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Rank?

23

22

21

20

19

18

17

16

Genus Mean

Acute
Value

(Total
ua/L)°

127.9

106.0

98.07

93.81

81.91

77.15

39.29

39.26

Species Mean
Acute Value

Species (Total
ug/L)P

Bryozoan, 127.9

Pectinatella

magnifica

Snail, 106.0

Aplexa hypnorum

Banded killifish, 98.07

Fundulus

diaphanus

Worm, 93.81

Lumbriculus

variegatus

Amphipod, 81.91

Gammarus

pseudol imnaeus

Snail, 77.15

Physa gyrina

Isopod, 39.29

Lirceus alabamae

Cladoceran, 39.26

Moina macrocopa

Species Mean
Acute-
Chronic

Ratio

20.76°



Table 3a

Rank?

15

14

13

12

. (continued)

Genus Mean
Acute
Value

(Total
ua/L)°

35.41

34.90

31.04

30.73

Species Mean
Acute Value

Species (Total
ug/L)P

Mussel, 38.00

Lampsilis

straminea

claibornensis

Mussel, 33.00

Lampsilis teres

Cladoceran, 28.29

Ceriodaphnia

dubia

Cladoceran, 43 .05

Ceriodaphnia

reticulata

Cladoceran, 35.36

Simocephalus

serrulatus

Cladoceran, 27 .25

Simocephalus

vetulus

Mussel, 30.73

Actinonaia

pectorosa

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Genus Mean Species Mean Species Mean
Acute Acute Value Acute-
Rank? Value Species (Total Chronic
(Total ug/L)P Ratio
ug/L)P
11 30.50 Mussel, 30.50 -
Utterbackia
imbecilis
10 29.85 Bonytail, 29.85 -
Gila elegans
9 29.71 Cladoceran, 18.34 104 .3¢
Daphnia magna
Cladoceran, 48.12 -
Daphnia pulex
8 28.23 Razorback sucker, 28.23 -
Xyrauchen texanus
7 27.40 Bryozoan, 27 .40 -
Lophopodella
carteri
6 17.38 Colorado 17.38 -
squawfish,
Ptychocheilus
lucius
Northern pike 2,531f -
minnow

Ptychocheilus
oregonensis



Table 3a. (continued)

Genus Mean Species Mean Species Mean
Acute Acute Value Acute-
Rank® Value Species (Total Chronic
(Total ug/L)P Ratio
ug/L)P
5 15.40 Fathead minnow, 15.40 13.13¢
Pimephales
promelas
4 12.00 Mussel, 12.00 -
Anodonta
coupierana
3 5.282 Coho salmon, 6.882 -
Oncorhynchus
kisutch
Chinook salmon, 4.984 0.9021
Oncorhynchus
tshawytscha
Rainbow trout, 4.296 -
Oncorhynchus
mykiss
2 2.535 White perch, 7,489¢ -
Morone americana
Striped bass, 2.535 -

Morone saxatilis



Table 3a. (continued)

Genus Mean

Acute
Rank? Value

(Total

ug/L)P
1 1.656
54 135,000
53 50,000
52 27,992
51 24,000
50 21,238

Species Mean
Acute Value

Species (Total
ug/L)P

Brown trout, 1.656

Salmo trutta

SALTWATER SPECIES

Oligochaete worm, 135,000

Monopylephorus

cuticulatus

Sheepshead 50,000

minnow,

Cyprinodon

variegatus

Amphipod, 27,992

Eohaustoris

estuarius

Oligochaete worm, 24,000

Tubificoides

gabriellae

Fiddler crab, 21,238

Uca pugilator

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Genus Mean Species Mean Species Mean
Acute Acute Value Acute-
Rank? Value Species (Total Chronic
(Total ug/L)P Ratio
ug/L)P
49 19,550 Mummichog, 18,200 -
Fundullus
heteroclitus
Striped 21,000 -
killifish,
Fundullus majalis
48 19,170 Mud snail, 19,170 -
Nassarius
obsoletus
47 14,297 Winter flounder, 14,297 -
Pseudopleuronecte
S americanus
46 12,836 Polychaete worm, 12,836 -
Neanthes
arenaceodentata
45 11,000 Shiner perch, 11,000 -
Cymatogaster
aggregata
44 >10,200 Squid, >10,200 -

Loligo opalescens



Table 3a. (continued)

Rank?

43

42

41

40

39

38

37

Genus Mean

Acute
Value

(Total

ug/L)"
10,000

7,400

7,384

7,120

7,079

6,895

6,700

Species

Oligochaete worm,

Limnodriloides
Verrucosus

Sand dollar,
Dendraster
excentricus

Blue crab,
Callinectes
sapidus

Isopod,
Limnoria
tripunctata

Striped mullet,
Mugil cephalus

Polychaeta worm,
Nereis grubei

Sand worm,
Nereis virens

Amphipod,
Diporeia spp.-

Species Mean
Acute Value

(Total
uag/L)°

10,000

7,400

7,384

7,120

7,079
4,700
10,114

6,700

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Rank?

36

35

34

33

32

31

30

29

Genus Mean

Acute
Value

(Total
ua/L)°

6,600

4,100

3,500

2,900

2,600

2,413

1,708

1,672

Species Mean
Acute Value

Species (Total
ug/L)P

Oyster drill, 6,600

Urosalpinx

cinerea

Green crab, 4,100

Carcinus maenas

Amphipod, 3,500

Mar inogammarus

obtusatus

Amphipod, 2,900

Ampelisca abdita

Polychaete worm, 2,600

Pectinaria

californiensis

Starfish, 2,413

Asterias forbesi

Copepod, 1,708

Pseudodiaptomus

coronatus

Soft-shell clam, 1,672

Mya arenaria

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Rank?

28

27

26

25

24

23

Genus Mean
Acute
Value

(Total
ua/L)°

1,500

1,480

1,228

1,170

1,073

948.7

Species

Coho salmon,
Oncorhynchus
kisutch

Bay scallop,
Argopecten
irradians

Grass shrimp,
Palaemonetes

pugio

Grass shrimp,
Palaemonetes
vulgaris

Amphipod,
Grandidierella
jJaponica

Blue mussel,
Mytilus edulis

Green sea urchin,
Strongylocentrotu
s droebachiensis

Species Mean
Acute Value

(Total
uag/L)°

1,500

1,480

1,983

760

1,170

1,073

1,800

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Rank?

22

21

20

19

18

17

Genus Mean
Acute

Value

(Total
ua/L)°

930.6

929.3

800

794.5

779.8

716.2

Species Mean
Acute Value

Species (Total
ug/L)P

Purple sea 500

urchin,

Strongylocentrotu

S purpuratus

Pacific oyster, 227.9

Crassostrea gigas

Eastern oyster, 3,800

Crassostrea

virginica

Amphipod, 929.3

Corophium

insidiosum

Rivulus, 800

Rivulus

marmoratus

Copepod, 794.5

Nitocra spinipes

Atlantic 779.8

silverside,
Menidia menidia

Amphipod, 716.2
Elasmopus bampo

Species Mean
Acute-
Chronic

Ratio



Table 3a. (continued)

Genus Mean Species Mean Species Mean
Acute Acute Value Acute-
Rank® Value Species (Total Chronic
(Total ug/L)P Ratio
ug/L)"
16 645.0 Hermit crab, 645.0 -
Pagurus
longicarpus
15 630.0 Amphipod, 630.0 -
Chelura terebrans
14 590.5 Amphipod, 590.5 -
Leptocheirus
plumulosus
13 410.0 Isopod, 410.0 -
Jaeropsis sp.
12 320.0 Sand shrimp, 320.0 -
Crangon
septemspinosa
11 310.5 Pink shrimp, 310.5 -
Penaeus duorarum
10 235.7 Rock crab, 250.0 -
Cancer irroratus
Dungeness crab, 222.3 -
Cancer magister
9 224 Copepod, 224 -
Amphiascus

tenuiremis



Table 3a. (continued)

Genus Mean

Acute
Rank? Value

(Total

ug/L)P
8 >200
7 200
6 147 .7
5 130.7
4 110
3 78
2 75.0

Species

Cabezon,

Scorpaenichthys

marmoratus

Polychaete worm,

Capitella
capitata

Copepod,
Eurytemora
affinis

Copepod,

Acartia clausi

Copepod,

Acartia tonsa

Mysid,
Mysidopsis
bigelowi

American lobster,

Homarus
americanus

Striped bass,

Morone saxatilis

Species Mean
Acute Value

(Total
uag/L)°

>200

200

147.7

144
118.7

110

78

75.0

Species Mean
Acute-
Chronic

Ratio

15.40



Table 3a. (continued)

Genus Mean Species Mean Species Mean
Acute Acute Value Acute-
Rank® Value Species (Total Chronic
(Total ug/L)P Ratio
ug/L)P
1 41.29 Mysid, 41.29 5.384¢
Americamysis
bahia

Ranked from most resistant to most sensitive based on Genus Mean
Acute Value.

Freshwater Genus Mean Acute Values and Freshwater Species Mean Acute
Values are at a hardness of 50 mg/L.

Geometric mean of two values iIn Table 2C.

Geometric mean of three values in Table 2C.

Species values are too divergent to use the geometric mean for the
genus value, therefore, the most sensitive value used.



Table 3. (continued)

Fresh water

CMC:
Final Acute Value = 5.995 ng/L (calculated at a hardness of 50
mg/L from Genus Mean Acute Values).

Final Acute Value = 4.296 ug/L (lowered to protect rainbow trout
at a hardness of 50 mg/L; see text)

Criterion Maximum Concentration = (4.296 ug/L) /2 = 2.148 ug/L
Total Cadmium (at a hardness of 50 mg/L)

Pooled Slope = 1.205 (see Table 1)

1n (Criterion Maximum Intercept) 1n(2.148) - [slope x 1n(60)]

0.7645 - (1.205 x 3.912) = -

3.949
Criterion M%x; mICo cgntratlon for Total Cadmium (at a hardness
of 50 mg/L) = e{t-205LIn(hardness)]-3.949)
Criterion MaX|mum Con tration for Dissolved Cadmium (at 50 mg/L
1.205 [1 ( ardness)]-3.949)

hardness) = 0.97 [e 1

CCC:
Total Cadmium Freshwater Final Chronic Value = 0.0861 ug/L (see text)

Slope = 0.9917 (see text)

1n (Final Chronic intercept) = 1n (0.0861) - [slope x 1n(50)]



= -2.452 - (0.9917 x 3.912) = -6.332

- - - _ a(0.9917
[umm;8$%gxﬁ99@£ym Freshwater Final Chronic Value (at a hardness of 50 mg/L) = €

Dissolved Cadmium Freshwater Final Chronic Value (at 50 mg/L hardness) = 0.94 [e(-®
[1n(hardness)]-6. 332)]

Salt water

CMC:
Total Cadmium Final Acute Value = 80.55 ng/L

Total Cadmium Criterion Maximum Concentration = (80.55 ug/L)/2 =
40.28 ug/L

Dissolved Cadmium Criterion Maximum Concentration = 0.994 (40.28
ug/L) = 40.04 ng/L

Final Acute-Chronic Ratio = 9.106 (see text)

CCC:
Total Cadmium Final Chronic Value = (80.55 1g/L)/9.106 = 8.846

ng/L

Dissolved Cadmium Final Chronic Value = 0.994 (8.846 ug/L) =
8.793 wng/L



Table 3b.

Ranked Freshwater Genus Mean Chronic Values

Rank?

16

15

14

13

12

11

10

Ranked Freshwater Genus Mean Chronic Values

Genus Mean
Chronic
Value

(ug/L)
34.19

19.42

>18_.09

12.16

11.45

8.389

8.356

Species
Mean
Species Chronic
Value
(uwa/L)P
Cladoceran, 34.19
Ceriodaphnia dubia
Oligochaete, 19.42
Aeolosoma headleyi
Blue Tilapia, >18.09
Oreochromis aurea
Bluegill, 12.16°
Lepomis
macrochirus
Fathead minnow, 11.45¢
Pimephales
promelas
Smal Imouth bass, 8.389
Micropterus
dolomieui
Northern pike, 8.356

Esox lucius

Species
Mean
Acute-
Chronic _

Ratio

423.7

13.13¢



Table 3b.

Continued

Rank?

Ranked Freshwater Genus Mean Chronic Values

Genus Mean
Chronic
Value

(ug/L)

8.059

6.939

5.421

4.941

4.528

Species

White sucker,
Catostomus
commersoni

Atlantic salmon,
Salmo salar

Brown trout,
Salmo trutta

Flagfish,

Jordanella

floridae

Snail,

Aplexa hypnorum

Brook trout,
Salvelinus
fontinalis

Species
Mean
Chronic

Value

(ua/L)°

8.059

9.574

5.029¢

5.4214

4.941°

2.455¢

Species
Mean
Acute-
Chronic _

Ratio

433.8

20.76°



Table 3b. Continued

Ranked Freshwater Genus Mean

Chronic Values

Genus Mean

Rank? Chronic
Value
wa/lL)

4 2.287

3 1.767

2 0.1933f

Species

Lake trout,
Salvelinus
namaycush

Coho salmon,
Oncorhynchus
kisutch

Rainbow trout,
Oncorhynchus
mykiss

Chinook salmon,
Oncorhynchus
tshawytscha

Midge,

Chironomus tentans

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia pulex

Species
Mean
Chronic

Value

(ua/L)°

8.351

4.404°

0.8736

3.108

1.767

0.1933¢

5.774f

Species
Mean
Acute-
Chronic _

Ratio

0.9021

104_3¢



Table 3b. Continued

Ranked Freshwater Genus Mean Chronic Values

Species Species
Genus Mean Mean Mean
Rank? Chronic Species Chronic Acute-
Value Value Chronic _
wa/lL) Ratio
(ug/L)® _
1 0.1811 Amphipod, 0.1811 —

Hyalella azteca

a Ranked from most resistant to most sensitive based on Genus Mean Chronic
Value.
b Genus Mean Chronic Values and Species Mean Chronic Values are at a hardness
of 50 mg/L.
Geometric mean of two values.
Geometric mean of three values.
Geometric mean of five values.
T Species values are too divergent to use the geometric mean for the genus value, ther
the most sensitive value used.

T o 0



Species

Diatom,
Asterionella
formosa

Diatom,
Scenedesmus
quadracauda

Diatom,
Nitzschia
costerium

Diatom,
Navicula
incerta

Green alga,
Scenedesmus
obliquus

Table 4. Toxicity of Cadmium to Aquatic Plants

Hardne
Ss
Meth Chemi  (mg/L Durat Effect®
od*® cal as ion
CaC0y)
FRESHWATER SPECIES
- - - - Factor of
10 growth
rate
decrease
- Cadmi - - Reduction
um in cell
chlor count
ide
- Cadmi - - 96-hr EC50
um
chlor
ide
- Cadmi - - 96-hr EC50
um
chlor
ide
- Cadmi - - 39%
um reduction
chlor in growth

ide

Result
(Total
ug/L) Reference
2 Conway 1978
6.1 Klass et al.
1974
480 Rachlin et al.
1982
310 Rachlin et al.
1982
2,500 Devi Prasad &

Devi Prasad
1982



Alga,
Euglena
gracilis

Alga,
Euglena
gracilis
anabaena

Green alga,

Ankistrodesmus

falcatus

Blue alga,
Microcystis
aeruginosa

Green alga.
Scenedesmus
quadricauda

Green alga,
Chlorella
saccharophila

Alga,
Chlorococcum
sp.-

Cadmi
um
chlor
ide
Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
nitra
te

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Morphologic
al
abnormaliti
es

Cell
division
inhibition

58%
reduction
in growth

ncipient
nhibition

R |
o0
O 0T
~ @
-
r+

96-hr EC50

42%
reduction
in growth

5,000

20,000

2,500

70

310

105

2,500

Nakano et al.
1980

Nakano et al.
1980

Devi Prasad &
Devi Prasad
1982

Bringmann 1975;
Bringmann &
Kuhn 1976,
1978a,b

Bringmann &
Kuhn 1977a,
1978a,b, 1979,
1980b

Rachlin et al.
1984

Devi Prasad &
Devi Prasad
1982



Green alga,
Chlorella
pyrenoidosa

Green alga,
Chlorella
vulgaris

Table 4. (Continued)

Species

Alga,
Chara vulgaris

Alga,
Chara vulgaris

Green alga,
Chlamydomonas
reinhardi

Meth

Chemi

od?

cal

Cadmi
um
sulfa
te

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Hardne
Ss
(mg/L
as

CaCo.)

24

Durat
ion

days

14
days

days

days
10
days

Reduction
in growth

Reduction
in growth

Effect

Lethal dose

EC50 growth

EC50 (cell
density)
EC50 (cell
density)
EC50 (cell
density)

250

50

9.5

203
130
99

Hart & Scalfe
1977

Hutchinson &
Stokes 1975

Reference

Heumann 1987

Heumann 1987

Schafer et al.
1993



Table 4. (Continued)

Species

Green alga,
Clorella
vulgaris

Green alga,
Clorella
vulgaris

Green alga,
Selenastrum
capricornutum

Green alga,
Selenastrum
capricornutum

Green alga,
Selenastrum
capricornutum

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

nitra
te

Cadmi
um
chlor
ide

Hardne
Ss
(mg/L
as

CaCo.)

50

Durat
ion

days

Effect

50%
reduction
in growth

96-hr EC50
(growth
inhibition)

Reduction
in growth

Reduction
in growth

IC 50
growth

Result

(Total

ug/L)"®

60

3,700

50

255

10,500

Reference

Rosko & Rachlin
1977

Canton & Slooff
1982

Bartlett et al.
1974

Slooff et al.
1983

Bozeman et al.
1989



Table 4. (Continued)

Hardne
Ss
Species Meth Chemi (mg/L
od? cal as
CaC0y)
Green alga, S, U Cadmi -
Selenastrum um
capricornutum chlor
ide
Green alga, S, U Cadmi 171
Selenastrum um
capricornutum chlor
ide
Alga, - Cadmi -
Anabaena flos- um
aquae chlor
ide
Algae - Cadmi 11.1
(mixed spp.) um
chlor
ide
Fern, - Cadmi -
Salvina natans um
nitra

te

Durat
ion

days

days

Effect

EC50 growth

EC50 growth

96-hr EC50

Significant
reduction
in
population
Reduction

in number
of fronds

Result

(Total

130

120

10

Reference

Thellen et al.
1989

Versteeg 1990

Rachlin et al.
1984

Giesy et al.
1979

Hutchinson &
Czyrska 1972



Table 4. (Continued)

Species

Eurasian
watermilfoil,
Myriophyllum
spicatum

Duckweed,
Lemna gibba

Duckweed,
Lemna minor

Duckweed,
Lemna minor

Duckweed,
Lemna
valdiviana

Duckweed,
Spirodela
polyrhiza

Meth

Hardne
Ss
Chemi (mg/L

od?

cal as

CaCo.)

Cadmi -
um

nitra
te

Cadmi 39
um

chlor
ide

Cadmi -
um

nitra
te

Cadmi -
um

sulfa
te

Durat
ion

days

days

days

28
days

Effect

32-day EC50
(root
weight)

EC50 growth

EC50 growth

Reduced
chlorophyll

Reduction
in number
of fronds

LOEC growth

Result

(Total

800

200

54

10

7.63

Reference

Stanley 1974

Devi et al.
1996

Wang 1986

Taraldsen 1990

Hutchinson &
Czyrska 1972

Sajwan and
Ornes 1994



Table 4. (Continued)
Species Meth Chemi
od? cal
Kelp, - Cadmi
Laminana um
saccharina chlor
ide
Diatom, - Cadmi
Asterionella um
jJaponica chlor
ide
Diatom, - Cadmi
Ditylum um
brightwellii chlor
ide
Diatom, S, U Cadmi
Phaeodactyllum um
tricornutum chlor
ide
Diatom, - Cadmi
Thalassiosira um
pseudonana chlor

ide

Hardne
Ss
(mg/L Durat
as ion
CaC0y)

Effect

SALTWATER SPECIES

35¢ 4
days

8-day EC50
(growth
rate)

72-hr EC50
(growth
rate)

5-day EC50
(growth)

EC50 growth

96-hr EC50
(growth
rate)

Result

(Total

ug/L)"®

860

224.8

60

22,390

160

Reference

Markham et al.
1980

Fisher & Jones
1981

Canterford &
Canterford 1980

Torres et al.
1998

Gentile &

Johnson, 1982



Table 4. (Continued)

Species Meth Chemi
od® cal
Diatom, - Cadmi
Skeletonema um
costatum chlor
ide
Red alga, - Cadmi
Champia parvula um
chlor
ide
Red alga, - Cadmi
Champia parvula um
chlor
ide
Red alga, - Cadmi
Champia parvula um
chlor
ide
Red alga, - Cadmi
Champia parvula um
chlor

ide

Hardne
Ss
(mg/L
as

CaCo.)

Durat
ion

Effect

96-hr EC50
(growth
rate)

Reduced
tetrasporop
hyte growth

Reduced
tetrasporan
gia
production
Reduced

female
growth

Stopped
sexual
reproductio
n

Result

(Total

24.9

>189

22.8

22.8

Reference

Gentile &
Johnson 1982

Steele &
Thursby 1983

Steele &
Thursby 1983

Steele &
Thursby 1983

Steele &
Thursby 1983



Table 4. (Continued)

Hardne Result
Sss
Species Meth Chemi (mg/L Durat Effect (Total Reference
od? cal as ion

CaCl.) ug/L)P
Red alga, R, U Cadmi 28-30¢ 14 NOEC sexual 77 Thursby and
Champia parvula um days reproductio Steele 1986

chlor n
ide

a S= static: R= renewal; F= flow through; U= unmeasured; M= measured; T= total
metal concentration measured; D= dissolved metal concentration
measured.

b Results are expressed as cadmium, not as the chemical.
¢ Salinity (g/kg).



Table 5. Bioaccumulation of Cadmium by Aquatic Organisms

Hardness Concentr
(mg/L as ation in Durat BCF

Species Tissue Chemical water ion or Reference
_ (ng/L)?* (days BAF
CaC03) )
FRESHWATER SPECIES
Aufwuchs - Cadmium - - 365 720 CGiesy et al.
(attached chloride 1979
microscopic
plants and
animals
Aufwuchs - Cadmium - - 365 580 CGiesy et al.
(attached chloride 1979
microscopic
plants and
animals
Duckweed, Whole Cadmium - - 21 603 Hutchinson &
Lemna plant nitrate Czyrska 1972
valdiviana
Fern, Whole Cadmium - - 21 960 Hutchinson &
Salvinia plant nitrate Czyrska 1972
natans
Snail, Whole Cadmium - - 28 1,75 Spehar et al.

Physa integra body chloride 0 1978



Snail,
Viviparus
georgianus

Snail,
Viviparus
georgianus

Soft
tissue
1 yr
old)

Soft
tissue
(2 yrs

old)

Soft
tissue
(3 yrs

old)

Soft
tissue
1 yr
old)

Soft
tissue
(2 yrs

old)

Soft
tissue
(3 yrs

old)

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

100(10NC

)
100(15NC

)
100(25NC
)

100(10NC

)
100(15NC

)
100(25NC

)

100(10NC

)
100(15NC

)
100(25NC
)

10
50

10
50

10
50

20
20
20

20
20
20

20
20
20

60
60

60
60

60
60

71°
74°
109°

28°
42°
60°

27°
42°
26°

Tessier et al.
1994a

Tessier et al.
1994b



Mussel,
Elliptio

complanata

Soft
tissue
(0-74 mm
length)

Table 5. (Continued)

Species

Mussel,
Elliptio

complanata

Tissue

Soft
tissue
(74-86

mm
length)

Soft
tissue
(86-100
mm
length)

Soft
tissue
(0-74 mm
length)

Cadmium
chloride

Chemical

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

- 100(10NC 20 15> Tessier et al.
) 20 16° 1994a
100(15NC 20 28°
)
100(25NC
)
Hardness Concentr
(mg/L as ation Durat BCF
L in water ion or Reference
CaCo03) (ug/L)? (days BAF
— )
- 100(10NC 20 16°
) 20 16°
100(15NC 20 14°
)
100(25NC
)
- 100(10NC 20 8P
) 20 7°
100(15NC 20 8P
)
100(25NC
)
- 10 60 1,25 Tessier et al.
50 60 6° 1994b
918P



Table 5. (Continued)

Species

Asiatic clam,
Corbicula
fluminea

Asiatic clam,
Corbicula
fluminea

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Crayfish,
Orconectes
propinquus

Tissue

Soft
tissue
(74-86

mm)

Soft
tissue
(86-100
mm)

Whole
body

Whole
body

Whole
body

Whole
body

Whole
body

Chemical

Cadmium
chloride

Cadmium
chloride

Cadmium
sulfate

Cadmium
sulfate

Cadmium
sulfate

Cadmium
sulfate

Hardness Concentr

(mg/L as ation Durat BCF
o in water ion or
CaCo0;) (uag/L)? (days BAF
— )
- 10 60 945P
50 60 613°
- 10 60 574
50 60 254b
- - 28 3,77
0
- - 28 1,75
2
- - 2-4 320
- - 7 484°
- - 8 184

Reference

Graney et al.
1983

Graney et al.
1983

Poldoski 1979

Winner 1984

Gillespie et
al. 1977



Table 5. (Continued)

Hardness Concentr
(mg/L as ation Durat BCF

Species Tissue Chemical o in water ion or Reference

CaCo0;) (ua/L)? (days BAF

— )

Mayfly, Whole Cadmium - - 365 1,63 Giesy et al.
Ephemeroptera body chloride 0 1979
sp-
Mayfly, Whole Cadmium - - 365 3,52 Giesy et al.
Ephemeroptera body chloride 0 1979
sp-
Dragonfly, Whole Cadmium - - 365 736 Giesy et al.
Pantala body chloride 1979
hymenea
Dragonfly, Whole Cadmium - - 365 680 Giesy et al.
Pantala body chloride 1979
hymenea
Damselfly, Whole Cadmium - - 365 1,30 Giesy et al.
Ischnura sp. body chloride 0 1979
Damselfly, Whole Cadmium - - 365 928 CGiesy et al.
Ischnura sp. body chloride 1979
Stonefly, Whole Cadmium - - 28 373 Spehar et al.
Pteronarcys body chloride 1978
dorsata
Beetle, Whole Cadmium - - 365 164 Giesy et al.

Dytiscidae body chloride 1979



Table 5. (Continued)

Species Tissue
Beetle, Whole
Dytiscidae body
Caddisfly, Whole
Hydropsyche body
betteni

Caddisfly, Whole
Hydropsyche body
sp.

Biting midge, Whole
Ceratopogonid body
ae

Biting midge, Whole
Ceratopogonid body
ae

Midge, Whole
Chironomidae body
Midge, Whole
Chironomidae body
Midge, Whole
Chironomus body

riparius

Chemical

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Hardness Concentr

(mg/L as ation Durat BCF
o in water ion or
CaCo0;) (uag/L)? (days BAF
— )
- - 365 260
- - 28 4,19
0
- - 2-8 228.
2b
- - 365 936
- - 365 662
- - 365 2,20
0
- - 365 1,83
0
- 10,000 28 1,37
Ob

Reference

Giesy et al.
1979

Spehar et al.
1978

Dressing et al.
1982

Giesy et al.
1979

Giesy et al.
1979

Giesy et al.
1979

Giesy et al.
1979

Timmermans et
al. 1992



Table 5. (Continued)

Species

Lake
whitefish,
Coregonus
clupeaformis

Rainbow
trout,
Oncorhynchus
mykiss

Rainbow
trout,
Oncorhynchus
mykiss

Rainbow
trout,
Oncorhynchus
mykiss

Rainbow
trout,
Oncorhynchus
mykiss

Tissue

Whole
body

Whole
body

Whole
body

Whole
body

Muscle

Chemical

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
sulfate

Hardness Concentr

(mg/L as ation Durat BCF

o in water ion or

CaCo0;) (uag/L)? (days BAF
— )

82.5 2.07 72 42

- 140 540

- 70 33

82.5 3.39 72 55

250 1.8 231 333

3.4 231 294

5.5 231 509

1.8 455 89

3.4 455 182

5.5 455 127

Reference

Harrison and
Klaverkamp 1989

Kumada et al.
1973

Kumada et al.
1980

Harrison and
Klaverkamp 1989

Brown et al.
1994



Table 5. (Continued)

Species

Atlantic
salmon,
Salmo salar

Brook trout,
Salvelinus
fontinalis

Brook trout,
Salvelinus
fontinalis

Brook trout,
Salvelinus
fontinalis

Mosquitofish,

Gambusia
affinis

Tissue

Whole
body

(eg9)

Muscle

Muscle

Muscle

Whole
body
(estimat
ed
steady
state)

Chemical

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Hardness Concentr

(mg/L as ation Durat BCF
o in water ion or
CaCo0;) (uag/L)? (days BAF
— )
- 0.87 91 229
(pH=6.8) 91 176
1.74 91 4
(pH=6.8) 91 7
1.01
(pH=4.5)
2.09
(pH=4.5)
- - 490 3
- - 84 151
- - 93 22
- - 180 2,21
3

Reference

Peterson et al.

1985

Benoit et al.
1976

Benoit et al.
1976

Sangalang &
Freeman 1979

Giesy et al.
1979



Table 5. (Continued)

Species Tissue Chemical
Mosquitofish, Whole Cadmium
Gambusia body chloride
affinis (estimat
ed

steady

state)
Guppy, Whole -
Poecilia body
reticulata
Bluegill Whole Cadmium
sunfish, body chloride
Lepomis

macrochirus

Hardness Concentr

(mg/L as ation Durat BCF
o in water ion or
CaCos) (ua/L)? (days BAF
— )

- - 180 1,89

1

- - 32 280
134 0.8 28 113
1.8 28 78

2.2 28 86

2.8 28 68

3.6 28 67

4.4 28 66

5.2 28 69

6.2 28 50

7.7 28 48

8.4 28 62

13.2 28 55

16.1 28 37

19.7 28 34

32.3 28 41

Reference

Giesy et al.
1979

Canton & Slooff
1982

Cope et al.
1994



Table 5. (Continued)

Species

Blue tilapia,
Tilapia aurea

African
clawed frog,
Xenopus
laevis

Mallard duck,
Anas
platyrhynchos

Tissue

Muscle

Whole
body

Kidney
tubule
degenera
tion,
Testis
weight
reductio
n,
inhibite
d
spermato
zoa
producti
on

Hardness Concentr

SALTWATER SPECIES

(mg/L as ation Durat BCF
Chemical e in water ion or
CaCo03) (ug/L)? (days BAF
— )
Cadmium 145 6.8 112 17.6
nitrate 14 112 16.4
28 112 25.7
52 112 17.7
- - - 100 130
- - 200 90 -
mg/kg°
(in
food)

Reference

Papoutsoglou
and Abel 1988

Canton & Slooff
1982

White and
Finley 1978a,b;
White et al.
1978



Table 5. (Continued)

Hardness Concentr
(mg/L as ation Durat BCF

Species Tissue Chemical o in water ion or Reference

CaCos) (ua/L)? (days BAF

— )

Polychaete Whole Cadmium - - 64 3,16 Klockner 1979
worm, body chloride 0
Ophryotrocha
diadema
Blue mussel, Soft Cadmium - - 28 113 George &
Mytilus parts chloride Coombs1977
edulis
Blue mussel, Soft Cadmium - - 35 306 Phillips 1976
Mytilus parts chloride
edulis
Bay scallop, Muscle Cadmium - - 42 2,04 Pesch & Stewart
Argopecten chloride 0 1980
irradians
Eastern Soft Cadmium - - 280 2,15 Zaroogian &
oyster, parts chloride 0 Cheer 1976
Crassostrea
virginica
Eastern Soft Cadmium - - 280 1,83 Zaroogian 1979
oyster, parts chloride 0
Crassostrea

virginica



Table 5. (Continued)

Species Tissue
Eastern Soft
oyster, parts
Crassostrea

virginica

Soft-shell Soft
clam, parts
Mya arenaria

Pink shrimp, Whole
Penaeus body
duorarum

Grass shrimp, Whole
Paleomonetes body
pugio

Grass shrimp, Whole
Paleomonetes body
pugio

Grass shrimp, Whole
Paleomonetes body
vulgaris

Green crab, Muscle

Carcinus
maenas

Chemical

Cadmium
nitrate

Cadmium
nitrate

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Cadmium
chloride

Hardness Concentr

(mg/L as ation Durat BCF
o in water ion or
CaCo0;) (uag/L)? (days BAF
— )
- - 98 1,22
0
- - 70 160
- - 30 57
- - 42 22
- - 28 203
- - 28 307
- - 68 5

Reference

Schuster &
Pringle 1969

Pringle et al.
1968

Nimmo et al.
1977b

Pesch & Stewart
1980

Nimmo et al.
1977b

Nimmo et al.
1977b

Wright 1977



Table 5. (Continued)

Species Tissue
Green crab, Muscle
Carcinus

maenas

Hardness Concentr
(mg/L as ation Durat BCF

Chemical e in water ion or Reference
CaCo03) (ug/L)? (days BAF
— )
Cadmium - - 40 7 Jennings &
chloride Rainbow 1979a

2  Results are based on cadmium, not the chemical.
b Bioconcentration factor was converted from dry weight to wet weight basis.
¢ More recent information may be available for this species.



Table 6. Other Data on Effects of Cadmium on Aquatic Organisms

Species Meth Chemi
od? cal
Mixed - Cadmi
natural um
fungi and chlor
bacterial ide
colonies on
leaf litter
Plankton - -
Mixed algal S, U Cadmi
species um
chlor

ide

Hardn
ess

(mg/L
as

CaCo,

10.7

Durat Effect
ion
FRESHWATER SPECIES
28 wk Inhibition
of leafF
decomposit
ion
2 wk Reduced
crustacean
zooplhnkto
n, and
rotifers
10 Growth
days i1nhibition

Result
(Total

ug/L)"

5

1-3

50

Resul
t
Adjus
ted
to
TH=50
(Tota
|

ug/L)

32.0

Result
Adjust
ed to
TH=50
(Disso Reference
lved __

ug/L)

- Giesy
1978

- Marshall
et al.
1981,
1983

- Lasheen
et al.
1990



Phytoplankt
on
community

Duckweed,
Lemna minor

Duckweed,
Spirodela
punctata

Water fern,
Salvinia
minima
Cyanophycea
e,
Microcystis
aeroginosa

Cyanobacter
ium,
Anacystis
nidulans

Green alga,
Selenastrum
capricornut
um

Green alga,
Selenastrum
capricornut
um

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

24.2

24.2

150 NOEC 0.185
days biomas and
photosynth
esis
10 EC50 191
days (frond
production
)
30 Reduced 25
days growth
rate
30 Reduced 10
days growth
rate
24 hr EC50 0.56
growth
14 No growth 50,000
days
72 hr EC50 20.6
(cell
counts)
72 hr EC50 42 .7
(cell
counts)

49.39

102.4

Findlay
et al.
1996

Smith and
Kwan 1989

Outridge
1992

Outridge
1992

Guanzon
et al.
1994

Lee et
al. 1992

Radetski
et al.
1995

Radetski
et al.
1995



Table 6. (Continued)

Species

Green alga,
Chlamydomon
as
reinhardi

Green alga,
Scenedesmus
dimorphus

Green alga,
Scenedesmus
quadricauda

Green alga,
Selenastrum
capricornut
um

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
nitra
te

Hardn
ess
(mg/L Durat
as ion
CaCo,
)

- 72 hr
11.3 48 hr
- 20

days
- 120
hr

(growth)

(density)

Result
(Total

ug/L)°

789

63

30

378.1

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Schafer
et al.
1994

Ghosh et
al. 1990

- Fargasova
1993

- Thompson
and
Couture
1991



Table 6. (Continued)
Species Meth Chemi
od®  cal

Green alga,
Selenastrum
capricornut
um

Green alga,
Scenedesmus
quadricauda

Green alga,
Stichococcu
S

bacillaris

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
- 72 hr EC50
(cell
- number)
EC50
(chlorophy
(1 D)
- 24 hr EC50
growth
- 96 hr Reduced
growth

Result
(Total

ug/L)°

164

97

1.9

5,000

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Van der
Heever

- and
Grobbelaa
r 1996

- Guanzon
et al.
1994

- Skowronsk
i et al.
1985



Table 6. (Continued)

Species

Green alga,
Chlorella
vulgaris

Green alga,
Chlorella
vulgaris

Green alga,
Scenedesmus
quadricauda

Bacteria,
Escherichia
coli

Meth Chemi

od? cal

Cadmi
um
chlor
ide

Cadmi
um
nitra
te

- Cadmi
um

chlor

ide

- Cadmi
um

chlor

ide

Hardn
ess

(mg/L
as

CaCo,

Durat

Effect

10N

72 hr

72 hr

96 hr

Reduced

progeny
formation

EC50
growth

Incipient
inhibition
(river
water)

Incipient
inhibition

Result
(Total

ug/L)°

100

50,000

100

150

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Wilczok
et al.
1994

- Wren and
McCarroll
1990

- Bringmann
and Kuhn
1959a,b

- Bringmann
and Kuhn
1959a



Table 6. (Continued)

Species

Bacteria,
Salmonella
typhimurium

Bacteria,
Pseudomonas
putida

Bacteria,
(6 species)

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
50 8 hr EC50
(growth
inhibition
)
- 16 hr Incipient
inhibition
- 18 hr Reduced
growth

Result
(Total

ug/L)°

10,400

80

5,000
100,000

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Canton
and
Slooff
1982

- Bringmann
and Kuhn
1976,
1977a,
1979,
1980b

- Seyfried
and
Horgan
1983



Table 6. (Continued)

Species

Protozoan
community

Protozoan
community

Hardn
ess
Meth Chemi (mg/L
od® cal as
CaCo,

S, Cadmi 70

chlor
ide

S, U Cadmi -
um
chlor
ide

Durat Effect
ion
2 EC50
days (number of
species)
28 EC20
days (colonizat
ion)
240 Reduced
hr biomas

Result
(Total

ug/L)°

4,600

1

3,067

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Niederleh
ner et
al. 1985

Fernande
Z_
Leborans
and
Novillo-
Villajos
1993



Table 6. (Continued)

Species

Protozoan,
Entosiphon
sulcatum

Protozoan,
Microregma

heterostoma

Protozoan,
Chilomonas
paramecium

Meth

Chemi

od?®

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
nitra
te

Hardn
ess

(mg/L
as

CaCo,

Durat Effect
ion

72 hr Incipient
inhibition

28 hr Incipient
inhibition

48 hr Incipient
inhibition

Result
(Total

ug/L)°

11

100

160

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Bringmann
1978;
Bringmann
and Kuhn
1979,
1980b,
1981

Bringmann
and Kuhn
1959b

Bringmann
et al.
1980,
1981



Table 6. (Continued)

Species

Protozoan,
Uronema
parduezi

Protozoan,
Spirostomum
ambiguum

Protozoan,
Spirostomum
ambiguum

Ciliate,
Tetrahymena
pyriformis

Meth

Chemi

od?®

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo,
)
- 20 hr Incipient
inhibition
28 24 hr LC50
250 24 hr LC50
- 48 hr LC50
- 72 hr Growth
inhibition

Result
(Total

ug/L)°

26

78.1

5,270

168

3,372

157.1
757.9

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Bringman
and Kuhn
1980a,
1981

Nalecz-
Jawecki
et al.
1993

- Nalecz-
Jawecki
and
Sawicki
1998

- Krawczyns
ka et al.
1989



Table 6. (Continued)

Species

Ciliate,
Tetrahymena
pyriformis

Ciliate,
Tetrahymena
pyriformis

Ciliate,
Colpidium
campy lum

Ciliate,
Tetrahymena
pyriformis

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
aceta
te

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
- 96 hr EC50
growth
- 30 Complete
min mortality
- 24 hr EC50
growth
- 9 hr 1C50
growth

Result
(Total

ug/L)°

1,045

56,205

75

3,000

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Schafer
et al.
1994

- Larsen
and
Svensmark
1991

- Dive et
al. 1989

- Sauvant
et al.
1995



Table 6. (Continued)

Species

Ciliate,
Spirostomum
teres

Hydra,
Hydra
oligactis

Hydra,
Hydra
littoralis

Planarian,
Dendrocoelu
m lacteum

Meth Chemi

od? cal

Cadmi
um
chlor
ide

- Cadmi
um

nitra
te

- Cadmi
um
chlor
ide
R, Cadmi

chlor
ide

Hardn
ess

(mg/L
as

CaCo,

70

122.8

Durat Effect
ion

24 hr LC50

48 hr LC50
12 Reduced
days growth

48 hr LC50

Result
(Total

ug/L)°

1,950

583

20

46,000

13.3

15,58
0

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Twagilima
na et al.
1998

Slooff
1983:
Slooff et
al. 1983

Santiago-
Faudino
1983

Brown and
Pascoe
1988



Table 6. (Continued)

Species

Planarian,
Dugesia
lugubris

Mixed macro
invertebrat
es

Rotifer,
Brachionus
calycifloru
S

Meth

Chemi

od?®

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
nitra
te

Hardn
ess

(mg/L
as

CaCo,

11.1

80-
100

Result
(Total
Durat Effect -
ion pa/L)"
48 hr LC50 >20,000
52 wk Reduced 5
taxa
72 hr Chronic 20
value
(asexual
reproducti 20
on)
Chronic
Value
(sexual
reproducti

on)

30.7

9.9

9.9

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Slooff
1983

- Giesy et
al. 1979

- Snell and
Carmona
1995



Table 6. (Continued)
Species Meth Chemi
od? cal
Rotifer, S, U Cadmi
Brachionus um
calycifloru nitra
S te
Rotifer, S, U Cadmi
Brachionus um
calycifloru nitra
S te
Rotifer, S, U Cadmi
Brachionus um
rubens chlor
ide
Rotifer, S, U Cadmi
Brachionus um
calycifloru chlor
S ide

Hardn
ess

(mg/L
as

CaCo,

80-
100

80-
100

80-
100

170

Durat Effect
ion
48 hr EC50
Chronic
value
24 hr LC50
24 hr LC50
NOEC
(survival)
35 NOEC
min (ingestion
rate)

Result
(Total

ug/L)°

70
60

1,300

810
280

250

34.5
29.6

640.3

398.9
137.9

57.2

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Snell and
Moffat
1992

Snell et
al. 1991a

Snell and
Persoone
1989a

Juchelka
and Snell
1994



Table 6. (Continued)

Species

Rotifer,
Brachionus
calycifloru
S

Mixed
zooplankton
community

Tubificid
worm,
Tubifex
tubifex
Tubificid
worm,
Tubifex
tubifex

Meth

Chemi

od?®

S, U

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

80-
100

224

245

Durat Effect
ion
48 hr EC50
14 60%
days reduced
biomass
48 hr LC50
96 hr LC50

Resul
t
Result Adjus
(Total ted
_ to
ug/L)P TH=50
(Tota
|
©g/L)
10 4.93

320,000 52,53
2

47,530 7,004

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Radix et
al. 1999

- Lawrence
and
Holoka
1987

- Qureshi
et al.
1980

- Khangarot
1991



Table 6. (Continued)

Species

Worm,
Lumbriculus
variegatus

Worm,
Pristina

sp.

Worm,
Pristina
leidyi

Nematode,
Caenorhabdi
tis elegans

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

chlor
ide

Hardn

€SS

(mg/L

as

CaCO,

44-47

11.

95

1

Durat Effect
ion
10 LC50
days
52 wk Population

48 hr

96 hr

reduction

LC50

LC50
(fed)

Result
(Total

ug/L)°

158

5

215

61

177.0

30.7

99.2

Result
Adjust
ed to
TH=50

(Disso Referenc

lved

ug/L)

(<]

Phipps et
al. 1995

Giesy et
al. 1979

Smith et
al. 1991

Williams
and
Dusenbery
1990



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to
ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect o to (Disso Referenc
od? cal as ion uwg/L)*  TH=50 1lved __ e
CaC0, (Tota wa/L)
) |
na/L)
h&”h(“@mm)- S. M. T Cadmi - 96 hr LC50 832.6 - - Wicklum
ephelopsis obscura
um et al.
chlor 1997
ide
mﬁgaalimsa S; M. T Cadmi 15.3 96 hr LC50 6,350 26,45 - Mackie
um (pH=3.5 0 1989
chlor ) _
ide 3,800 15,82
(pH=4.0 8 -
)
2,710 1,288
(pH=4.5
)
Snail, - Cadmi - 48 hr LC50 583 - - Slooff
Lymnaea um 1983;
stagnalis chlor Slooff et

ide al. 1983



Table 6. (Continued)

Species

Snail,
Physa
integra

Snail,
Vivpara

bengalensis

Mussel,

Utterbackia

imbecilis

Zebra
mussel,
Dreissena
polymorpha

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

chlor
ide

Hardn
ess

(mg/L
as

CaCo,

44-58

140-
190

39
80-
100

150

Durat Effect
ion
28 LC50
days
96 hr LC50
48 hr LC50
48 hr LC50
48 hr EC50

Resul
t
Result Adjus
(Total ted
. to
ug/L)P TH=50
(Tota
|
©g/L)

10.4 10.2

1,550 367.8

57 76.9
137 67.5
388 103.3

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Spehar et
al. 1978

- Gadkari
and
Marathe
1983

- Keller
- and Zam
1991

- Kraak et
- al. 1994a



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to
ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect - to (Disso Referenc
od? cal as ion ug/L)P TH=50 1Ived _ e
CaCoO, (Tota ra/L)
) [
ua/L)
Zebra R, Cadmi 268 10 wk LOEC 9 1.19 - Kraak et
mussel, M, T um filtration al. 1992b
Dreissena chlor 11 wk rate 130 17.2 -
polymorpha ide EC50
E:;?(Ij\llﬁm casertanum S M T Cadmi 15.3 96 hr LCS0 (le’=337.05) S ? 707 - Mackie 1989
um 480
chlor (pH=4.9) 1,999 -
ide (pH=4_.5)
2,916 -
E:;?(Ij\llﬁm compressum S M T cck?ldomriiléjn; 15.3 96 hr LCS0 (p2H’=O38.05) 8’ 664 - Mackte 1989
700
ijQQ) 2,916 -
(pH=4.5)
1,500 -
Chagoseran R,M, Camiw 100 48 hr  LC50 27.3  11.84 - Sehar e
Ceriodaphnia dubia T (ngh



Table 6. (Continued)

Species

Cladoceran,
Ceriodaphni
a

Cladoceran,
Ceriodaphni
a dubia

Cladoceran,
Ceriodaphni
a dubia

Cladoceran
(<48 hr),
Ceriodaphni
a dubia

Meth

Chemi

od?®

cal

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

nitra
te

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
169 7 Chronic
days value
reproducti
on
80- 1 hr EC50
100 feeding
inhibition
80- 1 hr EC50
100 feeding
inhibition
280- 48 hr LC50 (fed)
300

Result
(Total

ug/L)°

<14

54

76.2

560

<3.23

26.6

37.5

67.3

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

Masters
et al.
1991

- Britton
et al.
1996

- Lee et
al. 1997

- Schubaue
r-Berigan
et al.
1993



Table 6. (Continued)

Species

Cladoceran
(<24 hr),
Ceriodaphnia dubia

Cladoceran
(<24 hr),
Ceriodaphnia dubia

Cladoceran
(<24 hr),
Ceriodaphni
a dubia

Cladoceran,
Ceriodaphni
a dubia

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Hardn

ess
(mg/L Durat Effect
as ion
CaCO,4

)

80 48 hr LC50
172 48 hr LC50
160- 120 Reduced
180 min mobility
80- 7 Chronic
100 days value

Result
(Total

ug/L)°

49.5

221

2,500

1.4

28.10

49.9

572.2

0.69

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

Hockett and
Mount 1996

Hockett and
Mount 1996

- Brent and
Herricks
1998

- Zuidervee
n and
Birge
1997



Table 6. (Continued)
Species Meth Chemi
od® cal
Cladoceran S, U Cadmi
(<24 hr), um
Ceriodaphni nitra
a dubia te
Cladoceran, R, U Cadmi
Ceriodaphni um
a dubia sulfa
te
Cladoceran, S, M Cadmi
Ceriodaphni um
a chlor
reticulata ide
Cladoceran S, U Cadmi
(<6 hr), um
Ceriodaphni chlor
a ide

reticulata

Hardn
ess

(mg/L
as

CaCo,

80-

100

90

55-79

200

Durat Effect
ion

48 hr LC50
10 NOEC
days reproducti

on
48 hr LC50
48 hr LC50

Result
(Total

ug/L)°

78.2
(fed)

0.5

129
(High
TOC)

79.4

38.51

0.25

90.7

14.94

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Nelson
and
Roline
1998

- Winner
1988

- Spehar
and
Carlson
1984a,b

- Hall et
al. 1986



Table 6. (Continued)

Species

Cladoceran,
Ceriodaphni
a
reticulata

Cladoceran,

Daphnia
carinata

Cladoceran,
Daphnia
galeata
mendotae

Cladoceran,
Daphnia
galeata
mendotae

Meth Chemi

od?®

cal

Cadmi
um
sulfa
te

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo,
)
37.6 48 hr LC50
37.6 48 hr LC50
- 22 wk Reduced
biomass
- 15 Reduced
days rate of
increase

Result
(Total

ug/L)°

1,900

280

4.0

5.0

2,679

394.7

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Sharma
and
Selvaraj
1994

- Sharma
and
Selvaraj
1994

- Marshall
1978a

- Marshall
1978b



Table 6. (Continued)

Cladoceran,

Daphnia

Cladoceran,

magna

Cladoceran,

magna

Daphnia
magna

Meth Chemi

od cal

- Cadmi

chlor
ide

um
chlor

um
chlor

Cadmi
um

te

ess
(mg/L Durat
ion
CaCo;
48 hr EC50
water)
45 21 Reproducti
ve
163 72 hr
- LC50

Result
(Total

ug/L)

100

0.17

14-17

600

Resul

Adjus
ted

TH=50
(Tota

0.19

3.71

Result
Adjust

TH=50
(Disso Referenc

a/L)

- Bringmann
1959a,b
Biesinger
and

en 1972

Debelak
1975

- Bringmann

1977b



Table 6. (Continued)

Species

Cladoceran
(3-5 days),
Daphnia
magna

Cladoceran
(adult),
Daphnia
magna

Meth

Chemi

od?®

cal

Cadmi
um
sulfa
te

Cadmi
um
sulfa
te

Hardn
ess
(mg/L Durat Effect
as ion
CaCo;
)
- 72 hr LC50
(10NC)
(15NC)
(25NC)
(30NC)
- 72 hr LC50
(10NC)
(15NC)
(25NC)

(30NC)

Result
(Total

ug/L)°

224

224
12

0.1

479

187
10.2

2.4

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Braginskl
- y and

- Shcherban
- 1978

- Braginskl
- y and

- Shcherban
- 1978



Species

Cladoceran,

magna

Cladoceran,
Daphnia

Cladoceran,

magna

Daphnia
magna

Hardn
ess
Meth Chemi Durat Effect
a _ as _
CaCo
)
- 200 24 hr
um
nitra
- Cadmi 96 hr EC50
chlor
ide
- 200 20 LC50
um
chlor
Cadmi 55-79 LC50
um

Result

1
Result Adjus ed to
TH=50
. to
U b TH=50 1lved __
ug/L)
|
a/L)
160 30.1
1.58 -
670 -
166 116.7
TOC)

€

Bellavera
and Gorbi

Maly 1982

Canton

Slooff
1982

Spehar
and

1984a,b



Table 6. (Continued)
Species Meth Chemi
od? cal
Cladoceran S, Cadmi
(<24 hr), M, T um
Daphnia chlor
magna ide
Cladoceran, S, U Cadmi
Daphnia um
magna chlor
ide
2??%?” S, U Cadmi
Daphnia magna um
chlor
ide
2??%?” S, U Cadmi
Daphnia magna um
chlor

ide

Hardn
ess

(mg/L
as

CaCo,

160-
180

200

Durat Effect
ion

48 hr LC50

48 hr LC50

48 hr LC50

48 hr LC50

Result
(Total

ug/L)°

140

49.0

164

101
120
65

16
146

32.0

9.22

228.3
125.7
66.2
74.8
39.2

22.3
91.0

Result
Adjust
ed to
TH=50

(Disso Referenc

lved

ug/L)

€

Lewis and
Weber
1985

Hall et
al. 1986

Nebeker
et al.
1986a

Nebeker
et al.
1986a



Table 6. (Continued)
Species Meth Chemi
od®  cal

Cladoceran (1 d),

Daphnia magna

Cladoceran (2 d),

Daphnia magna

Cladoceran (5 d),

Daphnia magna

Cladoceran
G d,
Daphnia
magna

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

)

34

225

Durat Effect
ion

48 hr LC50

48 hr LC50

48 hr LC50
21 LOEC
days reproducti

on

Result
(Total

ug/L)°

24

2.3

427 .3
88.5
124.7
27.2

182.3
11.8
23.7
12.7

38.2

0.38

Result
Adjust
ed to
TH=50

(Disso Referenc

lved

ug/L)

€

Nebeker
et al.
1986a

Nebeker
et al.
1986a

Nebeker
et al.
1986b

Enserink
et al.
1993



Table 6. (Continued)

Species

Cladoceran,
Daphnia
magna

Cladoceran
(14 days),
Daphnia
magna

Cladoceran
(699):
Daphnia
magna

Meth

Chemi

od?®

S, U

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

160-
180

150

Durat Effect
ion
48 hr LC50
48 hr LC50
46 hr Profound
effect on
€gg
developmen

t

Result

(Total

gi[)b

48
(fed)

80

>1,000

Resul
t
Adjus
ted
to
TH=50
(Tota
|

ug/L)

18.3

>266.
1

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Domal-
Kwiatkowska et
al. 1994

Allen et
al. 1995

Bodar et
al. 1989



Table 6. (Continued)

Cladoceran,

magna

Cladoceran
(<24 hr),

magna

Daphnia
magna

Meth

Chemi

od

S, U

cal

um
chlor

Cadmi
um

Cadmi
um

te

€SS

(mg/L Durat

CaCO,

250

160-

ion

48 hr

48 hr

LC50
(small

LC50
(large

LC50
NC)

LC50
(26 ©)
(fed)

EC50

Result
(Total

ug/L)

98

294

980

42.3

8.70

Result

ed to
TH=50

lved

ug/L)

Enserink
et al.

Horning
1991

Sorvari

Sillanpaa
1996



Table 6. (Continued)
Species Meth Chemi
od>  cal
Cladoceran R, Cadmi
(<24 hr), M, T um
Daphnia chlor
magna ide
Cladoceran, R, U Cadmi
Daphnia um
magna sulfa
te
Cladoceran, R, U Cadmi
Daphnia um
magna sulfa
te

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
- 24 hr EC50
24 NOEC
days reproducti
on
90 10 NOEC
days reproducti
on
100 25 NOEC
days (20NC)
reproducti
on
NOEC
(25NC)
reproducti

on

Result
(Total

ug/L)°

1,900
0.6

2.5

2.25

0.75

1.23

0.98

0.33

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Kuhn et
al. 1989

- Winner
1988

- Winner
and

- Whitford
1987



Species

Cladoceran,

pulex

Cladoceran,

Daphnia

Cladoceran,

Daphnia

Cladoceran,

pulex

Hardn
ess
Meth Chemi Durat Effect
a _ as _
CaCo
)
- 57 140 Reduced
um reproducti
chlor
- Cadmi 48 hr LC50 (fed)
chlor
ide
- Cadmi 58
days
chlor
ide
- 100 72 hr
um
sulfa

Result

5-10

80-92

Result

1
Adjus ed to
TH=50
to
TH=50 1lved __
ug/L)
|
a/L)
0.85
44.5 -
2.87
37.2

€

Bertram
and Hart

and
Winner

Ingersoll
and

1982

Winner
1984



Table 6. (Continued)
Species Meth Chemi
od®  cal
Cladoceran S, U Cadmi
(<24 hr), um
Daphnia chlor
pulex ide
Cladoceran S, U Cadmi
(adult), um
Daphnia chlor
pulex ide
Cladoceran S, Cadmi
(<24 hr), M, T um
Daphnia chlor
pulex ide
Cladoceran S, Cadmi
(<24 hr), M, T um
Daphnia chlor
pulex ide

Hardn
ess

(mg/L
as

CaCo,

200

124-

130

80-90

80-90

Durat Effect
ion

48 hr LC50

48 hr LC50

48 hr LC50

48 hr LC50
(20NC)
(fed)
LC50
(26NC)

(fed)

Result
(Total

ug/L)°

100

87.9

24

42

18.81

28.6

12.7

22.2

3.17

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Hall et
al. 1986

Jindal
and Verma
1990

Lewis and
Weber
1985

Lewis and
Horning
1991



Species

Cladoceran

Daphnia
pulex

Cladoceran

Daphnia
pulex

Cladoceran,

Moina
macrocopa

Cladoceran,

Moina
macrocopa

Chemi

Meth

Cadmi
um

ide
Cadmi

chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess

as
CaCo

80-90

115
230

80-84

Durat Effect
NOEC
days
on
21 NOEC
days survival
21 NOEC brood
days size
21 NOEC brood
days size
20 Reduced
days survival
240 Reduced
hr survival

Result

<0.003

~N ~N W
U1 U1 00

0.2

10

Adjus

to
TH=50

3.17
2.75
1.19

0.11

Result

ed to
TH=50

lved

ug/L)

al. 1993

Winner
1986

Hatakeyam
a and
Yasuno
1981b

Wong and
Wong 1990



Table 6. (Continued)

Species

Cladoceran,

Moina
macrocopa

Cladoceran,
Simocephalus
serrulatus

Cladoceran,

Simocephalus vetulus

Copepod,

Acanthocycl
ops viridis

Meth

Chemi

od?®

M

cal

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
sulfa
te

Hardn
ess

(mg/L
as

CaCo,

37.6

55-79

55-79

Durat Effect
ion

48 hr LC50

48 hr LC50

48 hr LC50

72 hr LC50

Result
(Total

ug/L)°

320

123
(high
TOC)

89.3
(high
TOC)

0.5

451.1

86.4

62.76

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Sharma
and
Selvaraj
1994

Spehar
and
Carlson
1984a,b

Spehar
and
Carlson
1984a,b

Braginskl
y and
Shcherban
1978



Table 6. (Continued)

Species

Copepod,
Eucyclops
agilis

Copepod,
Mesocyclops
hyal inus

Copepod,
Heltodinpto
mus vidus

Copepod,
Tropocyclop
S prasinus
mexicanus

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
sulfa
te

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

11.1

37.6

37.6

10

Durat Effect
ion
52 wk Population
reduction
48 hr LC50
48 hr LC50
48 hr LC50

Result
(Total

ug/L)°

870

150

149

30.7

1,227

211.5

1,036

Result
Adjust
ed to
TH=50

(Disso Referenc

lved

ug/L)

€

Giesy et
al. 1979

Sharma
and
Selvaraj
1994

Sharma
and
Selvaraj
1994

Lalande
and
Pinel-
Alloul
1986



Table 6. (Continued)

Species

Copepod,
Stenocypris
malcolmsoni

Amphipod,
Diporeia
sp-

Amphipod,
Gammarus
pseudol imnaeus

Amphipod,
Hyalella
azteca

Meth

Chemi

od?®

cal

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

37.6

55-79

217-
301

Durat Effect
ion
48 hr LC50
96 hr LC50 (4NC)
LC50
(10NC)
LC50
(15NC)
96 hr LC50
24 hr LC50

Result
(Total

ug/L)°

11,500

800
280
60

54.4

140

38.23

19.3

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Sharma
and
Selvaraj
1994

- Gossiaux
- et al.
- 1992

- Spehar
and
Carlson
1984a,b

- McNulty
et al.
1999



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to

ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect - to (Disso Referenc

od? cal as ion ug/L)P TH=50 1Ived _ e
CaCoO, (Tota ra/L)
) |
©g/L)
Amphipod, S, M Cadmi 55-79 96 hr LC50 285 200.3 - Spehar
Hyalella um (high and
azteca chlor TOC) Carlson
ide 1984a,b
Amphipod, S, Cadmi 15.3 96 hr LC50 }ggﬂtﬁgg 49.98 - Mackie
Hyalella M, T um 33 (pH=6.0) 66.65 - 1989
azteca chlor 137.5 -
ide

Amphipod S, Cadmi 90 96 hr LC50 =13 6.4 - Collyard
(0-2 d), M, T um et al.
Hyalella chlor 1994
azteca ide
Amphipod S, Cadmi 90 96 hr LC50 =7-5 3.7 - Collyard
(2-4 d), M, T um et al.
Hyalella chlor 1994

azteca ide



Table 6. (Continued)

Species

Amphipod
(4-6 d),
Hyalella
azteca

Amphipod
(10-12 d),
Hyalella
azteca

Amphipod
(16-18 d),
Hyalella
azteca

Amphipod
(24-26 d),
Hyalella
azteca

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

90

90

90

90

Durat Effect
ion

96 hr LC50

96 hr LC50

96 hr LC50

96 hr LC50

Result
(Total

ug/L)°

=14

=4.7

=3.4

=5.7

=6.9

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Collyard
et al.
1994

- Collyard
et al.
1994

- Collyard
et al.
1994

- Collyard
et al.
1994



Table 6.

Species

Amphipod,
Hyalella
azteca

Amphipod,
Hyalella
azteca

Amphipod,
Hyalella
azteca

Crayfish,
Cambarus
latimanus

Meth

(Continued)

Chemi

od?®

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
130 6 wk EC50
44-47 10 LC50
days
280- 96 hr LC50
300 (fed)
11.1 5 mo Significan
L
mortality

Result
(Total

ug/L)°

0.53

2.8

230

5

0.17

3.14

27.7

30.7

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Borgmann
et al.
1991

- Phipps et
al. 1995

- Schubaue
r-Berigan
et al.
1993

- Thorp et
al. 1979



Table 6. (Continued)

Species

Crayfish,
Orconectes
immunis

Anostracan
crustacean,
Brachionus
calycifloru
S

Anostracan
crustacean,
Streptoceph
alus
rubricaudat
us

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
sulfa
te

Cadmi
um
sulfa
te

Hardn
ess

(mg/L
as

CaCo,

50.3

250

250

Durat Effect
ion

96 hr LC50

24 hr EC50

24 hr EC50

Result
(Total

ug/L)°

>10,000

120

250

17.3

36.0

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Thorp and
Gloss
1986

Crisinel
et al.
1994

Crisinel
et al.
1994



Table 6. (Continued)

Species

Anostracan
crustacean,
Thamnocepha
lus
platyurus

Mayfly,
Cloeon
dipterum

Mayfly,
Cloeon
dipterum

Meth Chemi

od? cal

Cadmi
um
chlor
ide

S, U

- Cadmi
um

sulfa
te

- Cadmi
um

nitra
te

Hardn
ess

(mg/L
as

CaCo,

80-
100

Durat Effect
ion

24 hr LC50

72 hr LC50
(10NC)
(15N0)
(25N0)
(30NC)

48 hr LC50

Result
(Total

ug/L)°

400

70,600
28,600
6,990
930

56,000

197.0

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

Centeno
et al.
1995

- Braginskl
- y and

- Shcherban
- 1978

- Slooff et
al. 1983



Table 6. (Continued)

Species

Damselfly, Enallagma S

sp.-

Mayfly,
Ephemerella
sp-

Mayfly,
Paraleptophiebia
praepedita

Meth

Chemi

od?®

M,

T

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn

ess

(mg/L Durat Effect
as ion

CaCo,
)
15.3 96 hr LC50
44-48 28 LC50
days
55-77 96 hr LC50

Result
(Total

ug/L)°

7,050
(pH=3.5)
8,660
(pH=4.0)
10,660
(pH=4.5)

<3.0

449

29,36

36,07

44,40

<3.3

315.6

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Mackie
1989

- Spehar et
al. 1978

- Spehar
and
Carlson
1984a,b



Table 6. (Continued)

Species

Mayfly,
Hexagenia
rigida

Mosquito,
Aedes
aegypti

Mosquito,
Culex
pipiens

Midge,
Chironomus
tentans

Meth Chemi

od? cal

- Cadmi
um

nitra
te

- Cadmi
um

nitra
te

- Cadmi
um

nitra
te

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

79.1

25

Durat Effect
ion

96 hr LC50

48 hr LC50

48 hr LC50

48 hr LC50

Result
(Total

ug/L)°

>1,000

4,000

765

8,050

0%
a1
\I
(o))

18,55
7

Result
Adjust
ed to
TH=50

(Disso Referenc

lved

ug/L)

(<]

Leonhard
et al.
1980

Slooff et
al. 1983

Slooff et
al. 1983

Khangarot
and Ray
1989b



Table 6.

Species

Midge (1°F
instar),
Chironomus
riparius

Midge (4%
instar),
Chironomus
riparius

Midge (1°F
instar),
Chironomus
riparius

Midge (2™
instar),
Chironomus
riparius

Meth

(Continued)

Chemi

od?®

cal

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

100

100

98

100-
110

Durat Effect
ion
1 hr Reduced
emergence
10 hr Reduced
emergence
1 hr Reduced
emergence
10 hr Reduced
emergence
17 LOEC
days survival,
developmen
t and
growth
96 hr LC50 (fed)

Resul
t
Result Adjus
(Total ted
. to
ug/L)P TH=50
(Tota
|
wa/L)
2,100 911.0
210 91.1
2,000 867.6
200 86.8
150 66.7
13,000 5,317

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

McCahon
and
- Pascoe
1991

- McCahon
and

- Pascoe
1991

- Pascoe et
al. 1989

- Williams
et al.
1986



Table 6. (Continued)
Species Meth Chemi
od®  cal
Midge (3" R, Cadmi
instar), M, T um
Chironomus chlor
riparius ide
Midge (4% R, Cadmi
instar), M, T um
Chironomus chlor
riparius ide
Midge, S, U Cadmi
Chironomus um
riparius chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCos;
)
100- 96 hr LC50 (fed)
110
100- 96 hr LC50 (fed)
110
98 120 LOEC (egg
hr viability)
LOEC
10 (number of
days eggs
ovipositio

ned)

Result
(Total

ug/L)°

22,000

54,000

30,000

100,000

22,08

13,33

44,44

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Williams
et al.
1986

- Williams
et al.
1986

- Williams
et al.
- 1987



Table 6. (Continued)

Species

Midge,
Tanytarsus
dissimilis

Coho salmon
(uvenile),
Oncorhynchu
s kisutch

Coho salmon
(adult),
Oncorhynchu
s Kisutch

Coho salmon
(alevin),
Oncorhynchu
s Kisutch

Meth Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo,
)
47 10 LC50
days
22 217 LC50
hr
22 215 LC50
hr
41 96 hr LC50

Result
(Total

ug/L)°

3.8

2.0

6.0

4.09

5.38

9.95

7.62

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Anderson
et al.
1980

- Chapman
and
Stevens
1978

- Chapman
and
Stevens
1978

- Buhl and
Hami Iton
1991



Table 6. (Continued)

Species

Chinook
salmon
(alevin),
Oncorhynchu
s
tshawytscha

Chinook
salmon
(swim-up),
Oncorhynchu
s
tshawytscha

Chinook
salmon
(parr),
Oncorhynchu
s
tshawytscha

Chemi

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo,
)
23 200 LC10
hr
23 200 LC10
hr
23 200 LC10
hr

Result
(Total

ug/L)°

18-26

1.2

1.3

3.06

3.31

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Chapman
1978

- Chapman
1978

- Chapman
1978



Table 6. (Continued)
Species Meth Chemi
od®  cal
Chinook - Cadmi
salmon um
(smolt), chlor
Oncorhynchu ide
s
tshawytscha
Rainbow - Cadmi
trout, um
Oncorhynchu stear
s mykiss ate
Rainbow - Cadmi
trout, um
Oncorhynchu aceta
s mykiss te
Rainbow - Cadmi
trout, um
Oncorhynchu chlor
s mykiss ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo,
)
23 200 LC10
hr
- 96 hr LC50
- 96 hr LC50
112 80 Significan
min t
avoidance

Result
(Total

ug/L)°

1.5

6.0

6.2

52

3.82

19.7

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Chapman
1978

- Kumada et
al. 1980

- Kumada et
al. 1980

- Black and
Birge
1980



Table 6. (Continued)

Species Meth Chemi

od? cal

Rainbow - -
trout,

Oncorhynchu

s mykiss

Rainbow - Cadmi
trout, um
(embryo, chlor
larva) ide
Oncorhynchu

s mykiss

Rainbow - -
trout,

Oncorhynchu

s mykiss

Hardn
ess

(mg/L
as

CaCo,

)

112

104

Resul
t
Result Adjus
(Total ted
Durat Effect e to
ion ug/L)P TH=50
(Tota
|
ua/L)
18 mo Reduced 0.2 0.08
survival
28 EC50 140 57.9
days (death and
deformity)
240 LC50 7 -
hr 5

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Birge et
al. 1981

Birge
1978;
Birge et
al. 1980

Kumada et
al. 1973



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to

ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect - to (Disso Referenc

od? cal as ion ug/L)P TH=50 1Ived _ e
CaCos; (Tota ug/L)
) |
©g/L)

Rainbow - Cadmi 54 408 LC50 5.2 4.73 - Chapman
trout um hr and
(adult), chlor Stevens
Oncorhynchu ide 1978
s mykiss
Rainbow - Cadmi 23 186 LC10 >6 >15.3 - Chapman
trout um hr 1978
(alevin), chlor
Oncorhynchu ide
s mykiss
Rainbow - Cadmi 23 200 LC10 1.0 2.55 - Chapman
trout um hr 1978
(swim-up), chlor
Oncorhynchu ide

s mykiss



Table 6. (Continued)

Species

Rainbow
trout
(parr),
Oncorhynchu
s mykiss

Rainbow
trout
(smolt),
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Chemi

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
sulfa
te

Cadmi
um
stear
ate

Hardn
ess

(mg/L
as

CaCo,

23

23

326

Durat Effect
ion
200 LC10
hr
200 LC10
hr
96 hr LC20
10 wk BCF = 27
BCF = 40

Result
(Total

ug/L)°

0.8

20

1.78

2.04

2.09

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Chapman
1978

- Chapman
1978

- Davies
1976

- Kumada et
al. 1980



Table 6. (Continued)

Species

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Chemi

cal

Cadmi
um
aceta
te

Cadmi
um
chlor
ide

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

125

240

320

Durat Effect
ion
10 wk BCF = 63
10 LC50
days (18NC)
(12NO)
(6NC)
234 Increased
days gill
diffusion
4 mo Physiologi
cal
effects

Result
(Total

ug/L)°

10-30
30
10-30

10

5.74
9.95
5.74

0.30

1.07

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Kumada et
al. 1980

Roch and
Maly 1979

Hughes et
al. 1979

Arillo et
al. 1982,
1984



Table 6. (Continued)
Species Meth Chemi
od®  cal
Rainbow - Cadmi
trout, um
Oncorhynchu chlor
s mykiss ide
Rainbow - Cadmi
trout, um
(embryo, sulfa
larva) te
Oncorhynchu
s mykiss
Rainbow - Cadmi
trout um
(larva), chlor
Oncorhynchu ide

s mykiss

Hardn
ess

(mg/L
as

CaCo,

98.6

100

89-
107

Durat Effect
ion
47 Reduced
days growth and
survival
62 Reduced
days Survival
7 LC50
days

Result
(Total

ug/L)°

100

<5

700

<2.17

311.1

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Woodworth
and
Pascoe
1982

- Dave et
al. 1981

- Birge et
al. 1983



Table 6. (Continued)

Species

Rainbow
trout
(larva),
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

89-
107

55-79

82

Durat Effect
ion
7 LC50 after
days 24 days
acclimated
to 5.9
ng/L
48 hr LC50
96 hr LC50
11 LC50
days (10NC)

Result
(Total

ug/L)°

1,590

55

10.2
(high
TOC)

16.0

706.7

7.17

8.81

Result
Adjust
ed to
TH=50

(Disso Referenc

lved

ug/L)

(<]

Birge et
al. 1983

Slooff et
al. 1983

Spehar
and
Carlson
1984a,b

Majewski
and Giles
1984



Table 6. (Continued)

Species

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Rainbow
trout,
(egg-0 hr)
Oncorhynchu
s mykiss

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Resul
L
Hardn Result Adjus
ess (Total ted
(mg/L Durat Effect _ to
as ion ug/L)P TH=50
CaCoO, (Tota
) |
©g/L)
82 8 LC50 16.6 9.15

days (15N0)

82 178  Physiologi 3.6-6.4 2.65

days cal
effects
50 96 hr LC50 13,000 13,00

0

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Majewski
and Giles
1984

- Majewski
and Giles
1984

- Van
Leeuwen
et al.
1985a



Table 6. (Continued)
Species Meth Chemi
od®  cal
Rainbow R, U Cadmi
trout, um
(egg-24 hr) chlor
Oncorhynchu ide
s mykiss
Rainbow R, U Cadmi
trout, um
(eyed egg- chlor
14 d) ide
Oncorhynchu
s mykiss
Rainbow R, U Cadmi
trout, um
(eyed egg- chlor
28 d) ide
Oncorhynchu

s mykiss

Hardn
ess

(mg/L
as

CaCo,

50

50

50

Durat Effect
ion

96 hr LC50

96 hr LC50

96 hr LC50

Result
(Total

ug/L)°

13,000

7,500

9,200

7,500

9,200

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Van
Leeuwen
et al.
1985a

- Van
Leeuwen
et al.
1985a

- Van
Leeuwen
et al.
1985a



Table 6. (Continued)

Species

Rainbow
trout,

(sac fry-42
d)
Oncorhynchu
s mykiss

Rainbow
trout,
(early fry-
77 d)
Oncorhynchu
s mykiss

Rainbow
trout,
Oncorhynchu
s mykiss

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

50

50

63
300

Durat Effect
ion

96 hr LC50

96 hr LC50

96 hr LC50 (fed)

96 hr LC50 (fed)

Result
(Total

ug/L)°

30

10

1,300
2,600

30

10

984.0
300.2

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Van
Leeuwen
et al.
1985a

- Van
Leeuwen
et al.
1985a

Pascoe et
al. 1986



Table 6. (Continued)

Species

Rainbow
trout,

(5 d post
fertilizati
on)
Oncorhynchu
s mykiss

Rainbow
trout,

(10 d post
fertilizati
on)
Oncorhynchu
s mykiss

Meth Chemi
od* cal
F, Cadmi
M, T um
chlor

ide
F, Cadmi
M, T um
chlor

ide

Hardn

ess

(mg/L Durat Effect
as ion

CaCo,

)

87.7 48 hr LC50
87.7 48 hr LC50

Result
(Total

ug/L)°

>100,00
0

3,300

1,677

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Shazili
and
Pascoe
1986

- Shazili
and
Pascoe
1986



Table 6. (Continued)

Species

Rainbow
trout,

(15 d post
fertilizati
on)
Oncorhynchu
s mykiss

Rainbow
trout,

(22 d post
fertilizati
on)
Oncorhynchu
s mykiss

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn

ess

(mg/L Durat Effect
as ion

CaCo,

)

87.7 48 hr LC50
87.7 48 hr LC50

Result
(Total

ug/L)°

7,200

8,000

3,658

4,065

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Shazili
and
Pascoe
1986

- Shazili
and
Pascoe
1986



Table 6. (Continued)

Species

Rainbow
trout,

(29 d post
fertilizati
on)
Oncorhynchu
s mykiss

Rainbow
trout,

(36 d post
fertilizati
on)
Oncorhynchu
s mykiss

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn

ess

(mg/L Durat Effect
as ion

CaCo,

)

87.7 48 hr LC50
87.7 48 hr LC50

Result
(Total

ug/L)°

12,500

16,500

8,384

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Shazili
and
Pascoe
1986

- Shazili
and
Pascoe
1986



Table 6. (Continued)

Species

Rainbow
trout,
(alevin, 2
d post
hatch)
Oncorhynchu
s mykiss

Rainbow
trout,
(alevin, 7
d post
hatch)
Oncorhynchu
s mykiss

Rainbow
trout
(alevin),
Oncorhynchu
s mykiss

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

87.7

87.7

41

Durat Effect
ion

48 hr LC50

48 hr LC50

96 hr LC50

Result
(Total

ug/L)°

5,800

8,300

37.9

4,217

48.14

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Shazili
and
Pascoe
1986

Shazili
and
Pascoe
1986

Buhl and
Hami Iton
1991



Table 6. (Continued)

Species

Rainbow
trout
(fry),
Oncorhynchu
s mykiss

Rainbow
trout

(36 9),
Oncorhynchu
s mykiss

Rainbow
trout

(36 9),
Oncorhynchu
s mykiss

Meth Chemi

od? cal

F, Cadmi

chlor
ide

Hardn
ess

(mg/L
as

CaCo,

9.2

50

200

Durat Effect
ion

96 hr LC50

96 hr LC50

96 hr LC50

Resul
t
Result Adjus
(Total ted
. to
ug/L)P TH=50
(Tota
|
wa/L)
28 215.3
(pH=4.7 5.382
)
0.7
(pH=5.7
)
2.7 2.70
3.2 0.602

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Cusimano
- et al.
1986

- Davies et
al. 1993

- Davies et
al. 1993



Table 6. (Continued)

Species

Rainbow
trout

(36 9),

Oncorhynchu

s mykiss

Brown trout,
Salmo trutta

Atlantic
salmon,

Salmo salar

Atlantic
salmon,
(alevin)

Salmo salar

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo;
)
400 96 hr LC50
55-79 96 hr LC50
13 70 Reduced
days growth
28 92 Net water
days uptake
inhibited

Result
(Total

ug/L)°

7.6

15.1

0.78

0.620

10.61

10.1

1.57

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Davies et
al. 1993

- Spehar
and
Carlson
1984a,b

- Peterson,
1983

- Rombough
and
Garside
1984



Table 6. (Continued)

Species

Brook
trout,
Salvelinus
fontinalis

Brook trout
(8 months),

Salvelinus
fontinalis

Lake trout,

Salvelinus
namaycush

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

10

20

90

Effect

Testicular
damage

NOEL
survival

Decreased
thyroid
follicle
epithelial
cell
height

Result
(Total

ug/L)°

10

69.5

241

2.46

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Sangalang
and
O ™Hallora
n 1972,
1973

- Jop et
al. 1995

- Scherer
et al.
1997



Table 6. (Continued)

Species

Arctic grayling
(alevin),
Thymallus arcticus

Arctic grayling
(uvenile),
Thymallus arcticus

Goldfish,
(embryo,
larva),
Carassius
auratus

Goldfish,
Carassius
auratus

Meth Chemi

od? cal

S, U Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

- Cadmi
um
chlor

ide

S, U

Hardn
ess

(mg/L
as

CaCo,

41

41

195

Durat Effect
ion
96 hr LC50
96 hr LC50
7 EC50
days (death and
deformity)
50 Reduced
days plasma
sodium

Result
(Total

ug/L)°

6.1
(1-d
acclima
tion)

4.0
(low
D.0.)

170

445

7.748

5.081

32.98

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Buhl and
Hami Iton
1991

- Buhl and
Hami Iton
1991

- Birge
1978

- McCarty
and
Houston
1976



Table 6. (Continued)

Species

Common carp
(embryo),
Cyprinus
carpio

Common carp
(fry),
Cyprinus
carpio

Common carp
(fingerling
), Cyprinus
carpio

Common carp
(embryo,
larva),
Cyprinus
carpio

Meth Chemi
od?® cal
- Cadmi
um
sulfa
te
S, U -
S, -
Us
F, Cadmi
M, T um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCo;
)
360 - EC50
(hatch)
100 96 hr LC50
100 96 hr LC50
101.6 8 LC50
days (multiple-
species
test)

Result
(Total

ug/L)°

2,094

4,260

17,050

139

194.1

1,848

7,396

59.17

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Kapur and
Yadav
1982

Suresh et
al. 1993a

Suresh et
al. 1993a

Birge et
al. 1985



Table 6. (Continued)

Species

Common
shiner
(0.75-3.5
mg),
Notropis
cornutus

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
48 7 67%
days reduced
growth
63 96 hr LC50
55 96 hr LC50
59 96 hr LC50

Result
(Total

ug/L)°

200

80.8

40.9

64.8

210.1

61.16

36.46

53.08

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Borgmann
and Ralph
1986

Spehar
1982

Spehar
1982

Spehar
1982



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to

ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect - to (Disso Referenc

od? cal as ion ug/L)P TH=50 1Ived _ e
CaCoO, (Tota ra/L)
) |
©g/L)

Fathead - Cadmi 66 96 hr LC50 135 96.61 - Spehar
minnow, um 1982
Pimephales chlor
promelas ide
Fathead - Cadmi 65 96 hr LC50 120 87.47 - Spehar
minnow, um 1982
Pimephales chlor
promelas ide
Fathead - Cadmi 74 96 hr LC50 86.3 53.81 - Spehar
minnow, um 1982
Pimephales chlor
promelas ide
Fathead - Cadmi 79 96 hr LC50 86.6 49.91 - Spehar
minnow, um 1982
Pimephales chlor

promelas ide



Table 6. (Continued)

Species

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Chemi

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

62

63

103

Durat Effect
ion

96 hr LC50

96 hr LC50

48 hr LC50
6.8 LT50
hr

Result
(Total

ug/L)°

114

80.8

2,200

6,000

87.97

61.16

2,512

(Disso Referenc

€

Spehar
1982

Spehar
1982

Slooff et
al. 1983

Birge et
al. 1983



Table 6. (Continued)

Species

Fathead
minnow,
Pimephales
promelas

Fathead
minnow
(larva),
Pimephales
promelas

Fathead
minnow
(larva),
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Chemi

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
254~ 3.7 LT50
271 hr
89- 7 LC50
107 days
89- 7 LC50 after
107 days 4 days
acclimated
to 5.6
ng/L
- 4 Histologic
days al effects

Result
(Total

ug/L)°

16,000

200

540

12,000

88.9

240.0

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Birge et
al. 1983

Birge et
al. 1983

Birge et
al. 1983

Stromberg
et al.
1983



Table 6. (Continued)

Species

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Fathead
minnow,
Pimephales
promelas

Fathead
minnow
(1-7 d),
Pimephales
promelas

Meth

Chemi

od?®

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

209

55-79

55-79

70-90

Durat Effect
ion

48 hr LC50

96 hr LC50

96 hr LC50

48 hr LC50

Result
(Total

ug/L)°

802

3,390

1,830

35.4

143.1

2,383

1,286

20.09

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Slooff et
al. 1983

- Spehar
and
Carlson
1984a,b

- Spehar
and
Carlson
1984a,b

- Diamond
et al.
1997



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to
ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect - to (Disso Referenc
od? cal as ion ug/L)P TH=50 1Ived _ e
CaCoO, (Tota ra/L)
) |
©g/L)
Fathead F, Cadmi 101.6 8 LC50 125(20. 53.19 - Birge et
minnow M, T um days INC) 35.75 - al. 1985
(embryo, chlor 84 32.34 -
larva), ide (22.8NC 37.03 -
Pimephales )
promelas 76
(25.7NC
)
87
(27 .9NC
)
Fathead R, Cadmi 101.6 8 LC50 41 17.45 - Birge et
minnow M, T um days NOEC 12 5.107 - al. 1985
(embryo, chlor
larva), ide
Pimephales

promelas



Table 6. (Continued)

Species

Fathead
minnow
(embryo,
larva),
Pimephales
promelas

Fathead
minnow

(30 d),
Pimephales
promelas

Fathead
minnow
(14-30 d),
Pimephales
promelas

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

101.6

44

200

Durat Effect
ion
8 LC50
days (multiple-
species
test)
96 hr LC50
96 hr LC50

Result
(Total

ug/L)°

107

13.2

90

45.54

15.40

16.94

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Birge et
al. 1985

- Spehar
and
Fiandt
1986

- Hall et
al. 1986



Table 6. (Continued)

Species

White
sucker
(larva),
Catostomus
commersoni

Brown

bul lhead,
Ictalurus
nebulosus

Channel
catfish,
Ictalurus
punctatus

Channel
catfish,
Ictalurus
punctatus

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

48

Durat Effect
ion
7 46%
days reduced
growth
2 hr Affected
gills and
kidney
- Increased
albinism
- BCF = 4.0-
6.7

Result
(Total

ug/L)°

36

61,300

0.5

37.8

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Borgmann
and Ralph
1986

- Blickens
1978;
Garofano
1979

- Westerman
and Birge
1978

- Birge et
al. 1979



Table 6. (Continued)
Species Meth Chemi
od* cal
Channel S, M Cadmi
catfish, um
Ictalurus chlor
punctatus ide
Walking S, U Cadmi
catfish, um
Clarias chlor
batrachus ide
Mummichog, S, U Cadmi
Fundullus um
heteroclitu chlor
S ide
Mosquitofis - Cadmi
h, um
Gambusia chlor
affinis ide

Hardn
ess

(mg/L
as

CaCo,

55-79

5

Durat Effect
ion
96 hr LC50
14 60%
days mortality
96 hr TL50
8 wk BCF =
6,100 at
0.02 ug/L
& 1.13 ppm
added to

food

Result
(Total

ug/L)°

7,940

8,993

12.

2

195.6

(Disso Referenc

€

Spehar
and
Carlson
1984a,b

Jana and
Sahana
1989

Gill and
Epple
1992

Williams
and Giesy
1978



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to
ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect o to (Disso Referenc
od®> cal as ion pa/L)®  TH=50 1lved _ e
CaCo, (Tota wa/L)
) |
na/L)
Mosquitofis - Cadmi 29 8 wk BCF = - - - Williams
h, um 1,430 at and Giesy
Gambusia chlor 10 wg/L & 1978
affinis ide 1.13 ppm
added to
food
Mosquitofis R, Cadmi 45 48 hr LC50 7,260 8,243 - Chagnon
h, Gambusia M, T um and
affinis sulfa Guttman
te 1989
Guppy, - Cadmi 209 48 hr LC50 41,900 7,478 - Slooff et
Poecilla um al. 1983

reticulata nitra
te



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to

ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect _ to (Disso Referenc

od? cal as ion uwg/L)?  TH=50 1lved _ e
CaCo, (Tota wa/L)
D) |
©g/L)
Guppy, S, U Cadmi 140- 96 hr LC50 (fry) 2,500 593.2 - Gadkaic
Lebistes um 190 LC50 12,750 3,025 - and
reticulatus chlor (male) 16,000 3,796 - Marathe
ide LC50 1983
(female)
Threespine F, Cadmi 299 18 Kidney 6,000 695.5 - Oronsaye
stickleback M, T um days cell 1989
, sulfa tissue
Gasterosteu te breakdown
s aculeatus
Bluegill, - Cadmi 112 80 Significan >41.1 >15.5 - Black and
Lepomis um min t 5 Birge
macrochirus chlor avoidance 1980
ide

Bluegill, - Cadmi  340- 3 Increased 50 4.79 - Bishop
Lepomis um 360 days cough rate and
macrochirus chlor MclIntosh

ide 1981



Table 6. (Continued)

Species

Bluegill,
Lepomis
macrochirus

Bluegill
(31.1 =1.3
mm)

Lepomis
macrochirus

Largemouth
bass,
Micropterus
salmoides

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

55-79

174

112

Durat Effect
ion
96 hr LC50
22 LOEC prey
days attack
rate
80 Significan
min t
avoidance

Result
(Total

ug/L)°

8,810

37.3

8.83

8.30

3.34

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Spehar
and
Carlson
1984a,b

- Bryan et
al. 1995

- Black and
Birge
1980



Table 6. (Continued)

Species Meth Chemi
od®  cal

Largemouth - Cadmi

bass, um

(embryo, chlor

larva) ide

Micropterus

salmoides

Largemouth - -

bass,

Micropterus

salmoides

Largemouth F, Cadmi

bass, M, T um

(embryo, chlor

larva), ide

Micropterus

salmoides

Hardn
ess

(mg/L
as

CaCo,

99

101.6

Durat Effect
ion
8 EC50
days (death and
deformity)
24 hr Affected
opercular
activity
8 LC50
days (multiple-
species
test)

Result
(Total

ug/L)°

1,640

150

244

720.1

103.8

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Birge et
al. 1978

- Morgan
1979

- Birge et
al. 1985



Table 6. (Continued)
Species Meth Chemi
od* cal
Orangethroa R, Cadmi
t darter M, T um
(embryo), chlor
Etheostoma ide
spectabile
Tilapia S, U Cadmi
(larva <1 um
d), chlor
Oreochromis ide
mossambica
Tilapia S, U Cadmi
(larva, 1 um
d), chlor
Oreochromis ide

mossambica

Hardn

ess

(mg/L Durat Effect
as ion

CaCo,

)

180 96 hr LC50
- 96 hr LC50
- 96 hr LC50

Result
(Total

ug/L)°

>500

205

83

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Sharp and
Kaszubski
1989

Hwang et
al. 1995

Hwang et
al. 1995



Table 6. (Continued)

Resul Result
t Adjust

Hardn Result Adjus ed to

ess (Total ted TH=50
Species Meth Chemi (mg/L Durat Effect o to (Disso Referenc

od®> cal as ion pa/L)®  TH=50 1lved _ e
CaCo, (Tota wa/L)
D) |
©a/L)

Tilapia S, U Cadmi - 96 hr LC50 33 - - Hwang et
(larva, 2 um al. 1995
d), chlor
Oreochromis ide
mossambica
Tilapia S, U Cadmi - 96 hr LC50 22 - - Hwang et
(larva, 3 um al. 1995
d), chlor
Oreochromis ide
mossambica
Tilapia S, U Cadmi - 96 hr LC50 29 - - Hwang et
(larva, 7 um al. 1995
d), chlor
Oreochromis ide

mossambica



Table 6. (Continued)

Species

Tilapia (72
hr),

Oreochromis
mossambica

Narrow-
mouthed
toad
(embryo,
larva),
Gastrophyry
ne
carolinensi
S

African
clawed
frog,
Xenopus
laevis

Meth Chemi

od? cal

Cadmi
um
chlor
ide
- Cadmi
um
chlor
ide

- Cadmi
um

nitra
te

Hardn
ess

(mg/L
as

CaCo,

28

195

209

Durat Effect
ion
96 hr LC50
7 EC50
days (death and
deformity)
48 hr LC50

Result
(Total

ug/L)°

21.4

40

11,700

43.04

7.76

2,088

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Chang et
al. 1998

- Birge
1978

- Slooff
and
Baerselma
n 1980;
Slooff et
al. 1983



Table 6. (Continued)

Species

African
clawed
frog,
Xenopus
laevis

African
clawed
frog,
Xenopus
laevis

African
clawed
frog,
Xenopus
laevis

Meth Chemi
od* cal
S, U Cadmi
um
chlor
ide

Hardn
ess
(mg/L Durat Effect
as ion
CaCO,4
)
170 48 hr LC50
170 100 Inhibited
days developmen
L
- 24 hr LC50
(stage 40)

Result
(Total

ug/L)°

3,200

650

1,000

732.4

148.8

Result
Adjust
ed to
TH=50
(Disso
lved

ug/L)

Referenc
e

Canton
and
Slooff
1982

Canton
and
Slooff
1982

Herkovits
et al.
1997



Table 6. (Continued)

Species

African
clawed
frog,
Xenopus
laevis

Northwester
n
salamander,
(3 mo
larva)
Ambystoma
gracile

Northwester
n
salamander,
Ambystoma
gracile

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Hardn
ess

(mg/L
as

CaCo,

)

45

45

Durat Effect
ion
72 hr LC50
(stage 40)
LC50
(stage 47)
10 LOAEC
days (limb
regenerati
on)
10 LOAEL
days growth

Result
(Total

ug/L)°

= O
AN

44 .6

227

50.6

257.7

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Herkovits
- et al.
1998

- Nebeker
et al.
1994

Nebeker
et al.
1995



Table 6. (Continued)

Species

Marbled
salamander
(embryo,
larva),
Ambystoma
opacum

Meth Chemi

od? cal

- Cadmi
um
chlor

ide

Hardn
ess

(mg/L
as

CaCo,

99

Durat Effect
ion
8 EC50
days (death and
deformity)

Result
(Total

ug/L)°

150

65.9

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Birge et
al. 1978



Table 6. (Continued)

Species

Lake study,
Periphyton
and
amphipods

Stream
microcosm

Meth

Chemi

od?®

cal

Cadmi
um
chlor
ide

Cadmi
um
nitra
te

Hardn
ess
(mg/L

Durat

Effect

as ion
CaCo,

- 120
days

days

BCF =
64,000
(periphyto
n)

BCF =
24,000
(Hyalella
azteca)

No effect
on
periphyton
structure,
but
adverse
effect on
invertebra
te grazers
and
collectors

Result
(Total

ug/L)°

22

Result

Adjust

ed to

TH=50

(Disso Referenc
lved _ e

ug/L)

- Stephenso
n and

- Turner
1993

- Selby et
al. 1985



Table 6.
(Continued)

Species

Bacterium
(Microtox®

Vibrio
fischeri
Natural
phytoplankt
on
population

Green alga,
Acetabulari
a

acetabulum

Meth

Chemi

od?

S, U

cal

Cadmi
um
nitra
te

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Effect

Result
Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)
)°

SALTWATER SPECIES

Salin
ity Durat
ion
(a/kg
)
35 22 hr

- 4
days

- 3 wk

EC50

Reduced
biomass

Morpholo
gical
deformit
ies
Decrease
d cell
elongati
on

214 - -

112 - -

100 - -

Reference

Radix et
al. 1999

Hol l1baugh
et al. 1980

Karez et
al. 1989



Phytoflagel
late,
Olisthodisc
us luteus

Red alga,
Champia
parvula

Alga,
Tetraselmis
gracilis

Diatom,
Minutocellu
S
polymorphus

Diatom,
Skeletonema
costatum

Diatom,
Skeletonema
costatum

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

- 192 27%
hr biovolum
e
reductio
n

28-30 2 NOEC

days sexual
reproduc

tion

96 hr LC50

- 48 hr EC50

- 10 EC50
days growth

- 72 hr EC50

500

>100

450

144

Fernandez-
Leborans
and Novillo
1996

Thursby and
Steele 1986

Okamoto et
al. 1996

Walsh et
al. 1988

Govindaraja
n et al.
1993

Walsh et
al. 1988



Table 6. (Continued)

Species

Hydroid,
Campanulari
a flexuosa

Hydroid,
Campanulari
a flexuosa

Rotifer,
Brachionus
plicatilis

Rotifer,
Brachionus
plicatilis

Rotifer,
Brachionus
plicatilis

Salin
Meth Chemi ity
od* cal
(a/kg
)
S, U Cadmi 15
um
chlor
ide
S, U Cadmi 30
um
chlor
ide
S, U Cadmi 15
um
nitra

te

Durat Effect
ion
- Enzyme
inhibiti
on
11 Growth
days rate
24 hr LC50
24 hr LC50
24 hr LC50

Resu
It
(Tot
al

Result
Adjuste
d to TH
= 50
(Total

Result
(Disso
Ived
uwa/L)

uwa/L)

uwa/L
b

40-
75

110-
280

54,9
00

56,8
00

>39,
000

Reference

Moore and
Stebbing
1976

Stebbing
1976

Snell and
Personne
1989b

Snell and
Personne
1989b

Snell et
al. 1991b



Table 6. (Continued)

Result
Resu Adjuste Result
Salin it d to TH (Disso
Species Meth Chemi ity Durat Effect (Tot = 50 lved Reference
od® cal ion al (Total  na/L)
(a/ka ua/L ug/L)
) )°
Polychaete - Cadmi - 28 LC50 3,00 - - Reish et
worm, um days 0 al. 1976
Neanthes chlor
arenaceoden ide
tata
Polychaete - Cadmi - 28 LC50 630 - - Reish et
worm, um days al. 1976
Capitella chlor
capitata ide
Polychaete - Cadmi - 28 LC50 700 - - Reish et
worm, um days al. 1976
Capitella chlor
capitata ide
Polychaete R, M Cadmi - 144 LC50 170 - - McLeese and
worm, um hr Ray 1986
Nereis chlor

virens ide



Table 6. (Continued)

Species

Clam,
Macoma
balthica

Blue
mussel,
Mytilus
edulis

Blue
mussel,
Mytilus
edulis

Blue
mussel,
Mytilus
edulis

Blue
mussel,
Mytilus
edulis

Meth Chemi

od? cal

R, M Cadmi
um
chlor
ide
- Cadmi

um
EDTA

- Cadmi
um

algin

ate

- Cadmi
um

humat
e

- Cadmi
um

pecta
te

Salin
ity

(a/kg
)

Durat Effect
ion

144 LC50

hr

28 BCF =
days 252

28 BCF =
days 252

28 BCF =
days 252

28 BCF =
days 252

Resu
It
(Tot
al

Result

Adjuste Result

d to TH (Disso
= 50 lved
(Total ©wa/L)
uwa/L)

uwa/L
b

1,71

Reference

McLeese and
Ray 1986

George
Coombs

George
Coombs

George
Coombs

George
Coombs

and
1977

and
1977

and
1977

and
1977



Table 6. (Continued)

Species

Blue
mussel,
Mytilus
edulis

Blue
mussel,
Mytilus
edulis

Bay
scallop,
Argopecten
irradians

Bay
scallop,
Argopecten
irradians

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

28

Durat Effect
ion
21 BCF =
days 710
2 wk LT50 =
9.5 days
(anoxic
conditio
ns)
42 EC50
days (growth
reductio
n)
21 BCF =
days 168

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

47 — -
78 - -

Reference

Janssen and
Scholz 1979

Veldhuizen-
Tsoerkan et
al. 1991

Pesch and
Stewart
1980

Eisler et
al. 1972



Table 6. (Continued)

Species

Eastern
oyster,
Crassostrea
virginica
Eastern
oyster,
Crassostrea
virginica
Eastern
oyster,
Crassostrea
virginica

Pacific
oyster,
Crassostrea
gigas

Meth Chemi

cal

Cadmi
um
iodid

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

Durat Effect
ion
40 BCF =
days 677
21 BCF =
days 149
2 Reductio
days n in
embryoni
C
developm
ent
6 50%
days reductio
n in
settleme

nt

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

15 - -
20- - -
25

Reference

Kerfoot and
Jacobs 1976

Eisler et
al. 1972

Zaroogian
and
Morrison
1981

watling
1983b



Table 6. (Continued)

Result
Resu Adjuste Result
Salin it d to TH (Disso
Species Meth Chemi ity Durat Effect (Tot = 50 lved Reference
od® cal ion al (Total  na/L)
(a/ka ua/L ©wa/L)
) )°
Pacific - Cadmi - 14 Growth 10 - - watling
oyster, um days reductio 1983b
Crassostrea chlor n
gigas ide
Pacific - Cadmi - 23 LC50 50 - - watling
oyster, um days 1983b
Crassostrea chlor
gigas ide
Soft-shell - Cadmi - 7 LC50 150 - - Eisler 1977
clam, um days
Mya chlor
arenaria ide
Soft-shell - Cadmi - 7 LC50 700 - - Eisler and
clam, um days Hennekey
Mya chlor 1977
arenaria ide
Copepod - Cadmi - 1 day Reductio 130 - - Sullivan et
(nauplius), um n in al. 1983
Eurytemora chlor swimming

affinis ide speed



Table 6. (Continued)

Species

Copepod
(nauplius),
Eurytemora
affinis

Copepod,
Eurytemora
affinis

Copepod,
Tisbe
holothurlae

Mysid,
Americamysi
s bahia

Mysid,
Americamysi
s bahia

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

5
15

15-23

30

Durat Effect
ion
2 Reductio
days n in
developm
ent rate
96 hr LC50
96 hr (fed)
LC50
(fed)
48 hr LC50
17 LC50
days
16 LC50
days

Result
Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)
)°
116 - -
51.6 - -
213 - -
970 - -
11 - -
28 - -

Reference

Sullivan et
al. 1983

Hall et al.
1995

Moraitou-
Apostolopou
lou and
Verriopoulo
s 1982

Nimmo et
al. 1977a

Gentile et
al. 1982



Table 6. (Continued)

Species

Mysid,
Americamysi
s bahia

Mysid,
Americamysi
s bahia

Mysid,
Americamysi
s bahia

Salin
Meth Chemi ity Durat Effect
od*  cal ion
(a/kg
)
- Cadmi - 8 LC50
um days
chlor
ide
F, - 13-29 28 NOEC
M, T days survival
, growth
and
reproduc
tion
S, - 12 24 hr Reduced
M, T serum
osmolali

ty

Result

Resu Adjuste Result

It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

60 - -
4-5 - -
3.62 - -

Reference

Gentile et
al. 1982

Voyer and
McGovern
1991

DeLisle and
Roberts
1994



Table 6. (Continued)

Species

Mysid (8
d),
Americamysi
s bahia

Mysid (<72
hr),
Americamysi
s bahia

Mysid (<72
hr),
Americamysi
s bahia

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

25

10

20

Result
Resu Adjuste Result
It d to TH (Disso
Durat Effect (Tot = 50 lved
ion al (Total ©wa/L)
wa/L  pg/L)
)°
96 hr NOEC 5 - -
survival
7 and 5 - -
days growth
NOEC
survival
and
growth
96 hr LC50 47.0 - -
(20°
©) - -
15.5
(25°
9
96 hr LC50 73.0 - -
(20°
©) - -
20.5
(25°

9)

Reference

Khan et al.
1992

Voyer and
Modica 1990

Voyer and
Modica 1990



Table 6. (Continued)

Salin
Species Meth Chemi ity Durat Effect
od® cal ion
(a/kg
)
Mysid (<72 F, - 30 96 hr LC50
hr), M, T
Americamysi
s bahia
Mysid, - Cadmi - 8 LC50
Mysidopsis um days
bigelowi chlor
ide
Mysid, - Cadmi - 28 LC50
Mysidopsis um days
bigelowi chlor
ide
Isopod, - Cadmi 3 5 LC50
Idotea um days
baltica sulfa

te

Resu
It
(Tot
al

Result
Adjuste
d to TH
= 50
(Total

Result
(Disso
Ived
uwa/L)

uwa/L)

uwa/L
b

85.0
(20°

280
(25°
9)
70

18

10,0
00

Reference

Voyer and
Modica 1990

Gentile et
al. 1982

Gentile et
al. 1982

Jones 1975



Table 6. (Continued)

Species

Isopod,
Idotea
baltica

Isopod,
Idotea
baltica

Sand
shrimp,
Crangon
septemspino
sa

Pink
shrimp,
Pandalus
montagui

Meth

Chemi

od?

cal

Cadmi
um
sulfa
te

Cadmi
um
sulfa
te

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity Durat Effect
ion
(a/kg
)
21 3 LC50
days
14 1.5 LC50
days
- 144 LC50
hr
- 144 LC50
hr

Result
Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)
)°
10,0 - -
00
10,0 - -
00
1,16 - -
0
1,28 - -
0

Reference

Jones 1975

Jones 1975

McLeese and
Ray 1986

McLeese and
Ray 1986



Table 6. (Continued)

Species

Pink
shrimp,
Penaeus
duorarum

White
shrimp,
Penaeus
setiferus

Grass
shrimp,
Palaemonete
S pugio

Grass
shrimp,
Palaemonete
S pugio

Grass
shrimp,
Palaemonete
S pugio

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg

11

10

Durat Effect
ion

30 LC50
days
96 hr LC50

42 LC50
days

21 LC25
days

21 LC10
days

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

720 - -
990 - -
300 - -
50 - -
50 - -

Reference

Nimmo et
al. 1977b

Vanegas et
al. 1997

Pesch and
Stewart
1980

Vernberg et
al. 1977

Vernberg et
al. 1977



Table 6. (Continued)
Species Meth Chemi
od*® cal
Grass - Cadmi
shrimp, um
Palaemonete chlor
S pugio ide
Grass - Cadmi
shrimp, um
Palaemonete chlor
S pugio ide
Grass - Cadmi
shrimp, um
Palaemonete chlor
S pugio ide
Grass - Cadmi
shrimp, um
Palaemonete chlor
S pugio ide
Grass - Cadmi
shrimp, um
Palaemonete chlor
S pugio ide

Salin
ity

(a/kg

)

20

10

15

30

Result
Resu Adjuste Result
It d to TH (Disso
Durat Effect (Tot = 50 lved
ion al (Total ©wa/L)
uag/L ©»a/L)
)°
21 LC5 50 - -
days
6 LC75 300 - -
days
6 LC50 300 - -
days
6 LC25 300 - -
days
21 BCF = - - -
days 140

Reference

Vernberg et
al. 1977

Middaugh
and Floyd
1978

Middaugh
and Floyd
1978

Middaugh
and Floyd
1978

Vernberg et
al. 1977



Table 6. (Continued)

Species

Grass
shrimp,
Palaemonete
S pugio

American
lobster,
Homarus
americanus

American
lobster,
Homarus
americanus

Hermit
crab,
Pagurus
longicarpus

Hermit
crab,
Pagurus
longicarpus

Meth Chemi

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity Durat Effect
ion
(a/kg
)
- 29 LC50
days
- 21 BCF = 25
days
- 30 Increase
days in
ATPase
activity
- 7 25%
days mortalit
Yy
- 60 LC56
days

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

120 - -

6 - -
270 - -
70 - -

Reference

Nimmo et
al. 1977b

Eisler et
al. 1972

Tucker 1979

Eisler and
Hennekey
1977

Pesch and
Stewart
1980



Table 6. (Continued)

Species

Yellow
crab,
Cancer
anthonyi

Rock crab,
Cancer
irroratus

Rock crab
(larva),
Cancer
irroratus

Blue crab,
Callinectes
sapidus

Blue crab,
Callinectes
sapidus

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

nitra
te

Cadmi
um
nitra
te

Salin
ity Durat Effect
ion
(a/kg
)
34 7 28%
days mortalit
y
- 96 hr Enzyme
activity
- 28 Delayed
days developm
ent
10 7 LC50
days
30 7 LC50
days

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°
1,00 - -

0
1,00 - -

0

50 - -
50 - -
150 - -

Reference

Macdonald
et al. 1988

Gould et
al. 1976

Johns and
Miller 1982

Rosenberg
and Costlow
1976

Rosenberg
and Costlow
1976



Table 6. (Continued)

Species

Blue crab
(uvenile),
Callinectes
sapidus

Blue crab,
Callinectes
sapidus

Blue crab,
Callinectes
sapidus

Mud crab
(larva),
Eurypanopeu
s depressus

Mud crab
(larva),
Eurypanopeu
s depressus

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide
Cadmi
um

chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg

2.5
25

28

Result
Resu Adjuste Result
It d to TH (Disso
Durat Effect (Tot = 50 lved
ion al (Total ©wa/L)
uag/L ©wa/L)
)P
4 LC50 320 - -
days
21 LC50 19 - -
days LC50 186 - -
21
days
6-8 EC50 0.25 - -
days hatching
8 LC50 10 - -
days
44 Delay 1in 10 - -
days metamorp
hysis

Reference

Frank and
Robertson
1979

Guerin and
Stickle
1995

Lee et al.
1996

Mirkes et
al. 1978

Mirkes et
al. 1978



Table 6. (Continued)

Species

Mud crab,
Rhithropano
peus
harasil

Mud crab,
Rhithropano
peus
harasil

Mud crab,
Rhithropano
peus
harasil

Fiddler
crab,

Uca
pugilator

Fiddler
crab,

Uca
pugilator

Chemi

cal

Cadmi
um
nitra
te

Cadmi
um
nitra
te

Cadmi
um
nitra
te

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)
10

20

30

Durat Effect
ion
11 LC80
days
11 LC75
days
11 LC40
days
10 LC50
days
- Effect
on
respirat
ion

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

50 - -
50 - -
50 - -
2,90 - -

0

1.0 - -

Reference

Rosenberg
and Costlow
1976

Rosenberg
and Costlow
1976

Rosenberg
and Costlow
1976

O "Hara
1973a

Vernberg et
al. 1974



Table 6. (Continued)

Species

Starfish,
Asterias
forbesi

Sea urchin,

Arbacia
punctulata

Green sea
urchin,

Strongyloce

ntrotus

droebachien

Sis

Meth

Chemi

od?

S, U

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity Durat Effect
ion
(a/ka
)
- 7 25%
days mortalit
y
30 1 hr EC50
(sperm
4 hr cell)
EC50
(embryo
growth
30 80 EC50
min (sperm-
fert.)

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

270 - -
38,0 - -
00
13,9

00
26,0 - -
00

Reference

Eisler and
Hennekey
1977

Nacci et
al. 1986

Dinnel et
al. 1989



Table 6. (Continued)

Species

Red sea
urchin,
Strongyloce
ntrotus
franciscanu
S

Purple sea
urchin,
Strongyloce
ntrotus
purpuratus

Purple sea
urchin,
Strongyloce
ntrotus
purpuratus

Sand
dollar,
Dendraster
excentricus

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

30

30

30

30

Result
Resu Adjuste Result
It d to TH (Disso
Durat Effect (Tot = 50 lved
ion al (Total ©wa/L)
wa/L  wa/L)
)P
80 EC50 12,0 - -
min (sperm- 00
fert.)
80 EC50 18,0 - -
min (sperm- 00
fert.)
40 NOEC >67 - -
min sperm-
fertiliz
ation
80 EC50 8,00 - -
min (sperm- 0
fert.)

Reference

Dinnel et
al. 1989

Dinnel et
al. 1989

Bailey et
al. 1995

Dinnel et
al. 1989



Table 6. (Continued)

Species

Sand
dollar,
Dendraster
excentricus

Herring
(larva),
Clupea
harengus

Pacific
herring
(embryo),
Clupea
harengus
pallasi

Pacific
herring
(embryo),
Clupea
harengus
pallasi

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide
Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

30

Durat

Effect

ion

40
min

<24
hr

96 hr

NOEC
sperm-
fertiliz
ation

100%
embryoni
C
survival

17%
reductio
n in
volume

Decrease
in
capsule
strength

Result
Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)
)°
>67 - -
5,00 - -
0
10,0 - -
00
1,00 - -
0

Reference

Bailey et
al. 1995

Westernhage
n et al.
1979a

Alderdice
et al.
1979a

Alderdice
et al.
1979b



Table 6. (Continued)

Species

Pacific
herring
(embryo),
Clupea
harengus
pallasi

Sheepshead
minnow,

Cyprinodon
variegatus

Sheepshead
minnow,

Cyprinodon
variegatus

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg

34-35

15
25

Durat Effect
ion
48 hr Reduced
osmolali
ty of
perivite
line
fluid
96 hr LC50
7 (fed)
days NOEC
survival
and
growth
96 hr LC50
96 hr (fed)
96 hr LC50
(fed)
LC50

(fed)

Resu
It
(Tot
al

Result
Adjuste
d to TH
= 50
(Total

Result
(Disso
Ived
uwa/L)

uwa/L)

uwa/L
b

1,00

1,23

560

180
312
496

Reference

Alderdice
et al.
1979c

Hutchinson
et al. 1994

Hall et al.
1995



Table 6. (Continued)

Species

Mummichog
(adult),
Fundulus
heteroclitu
S

Mummichog
(adult),
Fundulus
heteroclitu
S

Mummichog,
Fundullus
heteroclitu
S

Mummichog
(larva),
Fundulus
heteroclitu
S

Chemi

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

20

30

20

Durat Effect

ion

48 hr LC50

48 hr LC50
21 BCF = 48

days

48 hr LC50

Result
Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)
)°
60,0 - -
00
43,0 - -
00
32,0 - -
00

Reference

Middaugh
and Dean
1977

Middaugh
and Dean
1977

Eisler et
al. 1972

Middaugh
and Dean
1977



Table 6. (Continued)

Species

Mummichog
(larva),
Fundulus
heteroclitu
S

Mummichog
(<23 d),
Fundulus
heteroclitu
S

Atlantic
silverside
(adult),
Menidia
menidia

Atlantic
silverside
(adult),
Menidia
menidia

Meth

Chemi

od?

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

30

10

20

30

Durat Effect
ion

48 hr LC50
48 hr LC50
48 hr LC50
48 hr LC50

Result
Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)
)°
7,80 - -
0
44,4 - -
00
13,0 - -
00
12,0 - -
00

Reference

Middaugh
and Dean
1977

Burton and
Fisher 1990

Middaugh
and Dean
1977

Middaugh
and Dean
1977



Table 6. (Continued)

Result
Resu Adjuste Result
Salin it d to TH (Disso
Species Meth Chemi ity Durat Effect (Tot = 50 lved Reference
od® cal ion al (Total  na/L)
(a/ka ua/L ©wa/L)
) )°
Atlantic - Cadmi 12 19 LC50 <160 - - Voyer et
silverside, um days al. 1979
Menidia chlor
menidia ide
Atlantic - Cadmi 20 19 LC50 540 - - Voyer et
silverside, um days al. 1979
Menidia chlor
menidia ide
Atlantic - Cadmi 30 19 LC50 >970 - - Voyer et
silverside, um days al. 1979
Menidia chlor
menidia ide
Atlantic - Cadmi 20 48 hr LC50 2,20 - - Middaugh
silverside um 0 and Dean
(larva), chlor 1977
Menidia ide

menidia



Table 6. (Continued)

Species

Atlantic

silverside

(larva),
Menidia
menidia

Striped
bass

(uvenile),

Morone

saxatilis

Striped
bass

(uvenile),

Morone

saxatilis

Chemi

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity Durat Effect
ion
(a/kg
)
30 48 hr LC50
- 90 Signific
days ant
decrease
in
enzyme
activity
- 30 Signific
days ant
decrease
in
oxygen
consumpt

ion

Result

Resu Adjuste Result

It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°
1,60 - -

0

5 - -
0.5- - -
5.0

Reference

Middaugh
and Dean
1977

Dawson et
al. 1977

Dawson et
al. 1977



Table 6. (Continued)

Species

Spot
(larva),
Leiostomus
Xanthurus

Cunner
(adult),
Tautogolabr
us
adspersus

Cunner
(adult),
Tautogolabr
us
adspersus

Cunner
(adult),
Tautogolabr
us
adspersus

Chemi

cal

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Cadmi
um
chlor
ide

Salin
ity

(a/kg
)

Durat Effect
ion
9 Incipien
days t LC50
60 37 .5%
days mortalit
Yy
30 Depresse
days d gill
tissue
oxygen
consumpt
ion
96 hr Decrease
d enzyme
activity

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

200 - -
100 - -
50 - -
3,00 - -

0

Reference

Middaugh
and Dean
1977

Maclnnes
al. 1977

Maclnnes
al. 1977

Gould and

Karolus
1974

et

et



Table 6. (Continued)

Species Meth Chemi
od? cal
Winter - Cadmi
flounder, um
Pseodopleur chlor
onectes ide
americanus
Winter - Cadmi
flounder, um
Pseodopleur chlor
onectes ide
americanus
Winter - Cadmi
flounder, um
Pseodopleur chlor
onectes ide
americanus

Salin
ity Durat Effect
ion
(a/kg
)
- 8 50%
days viable
hatch
- 60 Increase
days d gill
tissue
respirat
ion
- 17 Reductio
days n of
viable
hatch

Result

Resu Adjuste Result
It d to TH (Disso
(Tot = 50 lved
al (Total ©a/L)
wa/L  wg/L)

)°

300 - -

5 - -
586 - -

Reference

Voyer et
al. 1977

Calabrese
et al. 1975

Voyer et
al. 1982

a S= static, R= renewal, F= flow-through, M= measured, U= unmeasured, T= total
measured.

measured concentration,
b Results are expressed as cadmium, not as the chemical.

D=dissolved metal

concentration



Table 6. (Continued)

Species

Meth Chemi

od?

cal

Salin
ity

(a/kg
)

Result
Resu Adjuste Result
It d to TH (Disso
Durat Effect (Tot = 50 lved Reference
ion al (Total ©wa/L)
wa/L  pg/L)
)°



REFERENCES

Abbasi, S.A. and R Soni. 1986. An exami nation of environnentally safe |evels
of zinc (I1), Cadmium (Il) and lead (I1) with reference to inpact on
channel fish Nuria denricus. Environ. Pollut. (Series A) 40(1): 37-51

Abbasi, S.A. and R Soni. 1989. Relative toxicity of seven heavy nmetals with
respect to inpact towards | arvae of anphibian Rana tigrina. Intern. J.
Environ. Stud. 35: 121-122.

Abel, P.D. and SSM Garner. 1986. Conparisons of medi an survival tinmes and
medi an | et hal exposure tinmes for Gammarus pul ex exposed to cadm um pernethrin
and cyani de. Water Res. 20(5): 579-582.

Abel, P.D. and S.E. Papoutsoglou. 1986. Lethal toxicity of cadmumto Cyprinus

carpio and Tilapia aurea. Bull. Environ. Contam Toxicol. 37: 382-386.

Abel, T. and F. Barlocher. 1988. Uptake of cadm um by Gammarus fossarum
(anphi poda) fromfood and water. J. Appl. Ecol. 25: 223-231.

Ahsanul I ah, M 1976. Acute toxicity of cadm umand zinc to seven invertebrate
species fromWstern Port, Victoria. Aust. Jour. Mar. Freshwater Res. 27:
187.

Ahsanul lah, M and AR WIllians. 1991. Sublethal effects and bi oaccunul ati on
of cadm um chromum copper and zinc in the marine anphi pod Al orchestes
conpressa. Mar. Biol. 108: 59-65.

Ahsanul l ah, MD., et al. 1981. Toxicity of zinc, cadm um and copper to the
shrinp Callianassa australiensis. |I. Effects of individual nmetals. Mar. Biol

64: 299.

Al -atia, GR 1978. The uptake and toxicity of cadm umin Anpeba proteus.
Jour. Protozool. 25: 5B

Al -atia, GR 1980. Toxicity of cadm umto Anpeba proteus: a biochem ca
approach. Jour. Protozool. 27: 128.

138



Al derdice, D.F., et al. 1979a. Influence of salinity and cadm umon the
vol ume of Pacific herring eggs. Helgol. Wss. Meeresunters. 32:163.

Al derdice, D.F., et al. 1979b. Influence of salinity and cadm um on capsul e
strength in Pacific herring eggs. Helgol. Wss. Meeresunters. 32: 149.

Al derdice, D.F., et al. 1979c. Gsnotic responses of eggs and | arvae of the
Pacific herring to salinity and cadmum Helgol. Wss. Meeresunters. 32: 508.

Allen, P. 1994. Accumul ation profiles of lead and the influence of cadm um and
mercury in Oreochrom s aureus (Steindachner) during chronic exposure. Toxicol.
Environ. Chem 44: 101-112.

Allen, P. 1995a. Soft-tissue accurmulation of lead in the blue tilapia,
Oreochrom s aureus (Steindachner), and the nodifying effects of cadm um and
mercury. Biological Trace El ement Research. 50: 193-208.

Allen, P. 1995b. Accunul ation profiles of |ead and cadm umin the edible
ti ssues of Oreochromi s aureus during acute exposure. J. Fish Biol. 47: 559-
568.

Allen, Y., P. Calow and D.J. Baird. 1995. A nechanistic nodel of contam nant-
i nduced feeding inhibition on Daphnia magna. Environnental Toxicol ogy and
Chem stry. 14(9): 1625-1630.

Am ard, J.C., C Metayer, J.P. Baud and F. Ri beyre. 1994. Influence of sone
ecol ogi cal and biol ogical factors on netal bioaccumrul ation in young oysters
(Crassostrea gigas Thunberg) during their spat rearing. 28(1): 219-231.

Am ard-Triquet, C., B. Berthet, C Metayer and J.C. Am ard. 1986. Contribution
to the ecotoxicol ogical study of cadm um copper and zinc in the nussel
Mytilus edulis. Mar. Biol. 92: 7-13.

Am ard-Triquet, C, C Metayer and J.C. Amiard. 1987. Etudes in situ et
experimental es de |’ eotoxicol ogie de quatre nmetaux (Cd, Pb, Cu, Zn) chez des
al gues et des nol |l usques gasteropodes brouteurs. Water, Air, Soil Pollut. 34:
11- 30.

Am ard-Triquet, C, J.C. Amard, B. Berthet and C. Metayer. 1988. Field and
experimental study of the bioaccunul ation of some trace netals in a coastal

139



food chain: seston, oyster (Crassostrea gigas), drill (Ccenebra erinacea).
Water Sci. Tech. 20(6/7): 13-21

Anadu, D.1., G A Chapman, L.R Curtis and R A Tubb. 1989. Effect of zinc
exposure on subsequent acute tol erance to heavy netals in rainbow trout. Bull.
Environ. Contam Toxicol. 43: 329-336.

Anderson, B.G 1948. The apparent thresholds of toxicity to Daphnia nmagna for
chlorides of various netals when added to Lake Erie water. Trans. Am Fish.
Soc. 78: 96.

Anderson, R L., et al. 1980. Survival and growth of Tanytarsus dissimlis
(Chi ronom dae) exposed to copper, cadm um zinc, and |l ead. Arch. Environ
Contam Toxicol. 9: 329.

Anderson, R V., et al. 1978. The distribution of Cd, Cu, Pb and Zn in the
biota of two freshwater sites with different trace nmetal inputs. Holartic
Ecol . 1: 377.

Andres, S., M Baudrinont, Y. Lapaquellerie, F. Ribeyre, N Millet, C

Lat ouche and A Boudou. 1999. Field transplantation of the freshwater bivalve
Corbicula flum nea along a polynetallic contam nation gradient (River Lot,
France): |. Geochenical characteristics of sanpling sites and cadm um and zinc
bi oaccunul ati on ki netics. Environ. Toxicol. Chem 18(11): 2462-2471

Andros, J.D. and R R Garton. 1980. Acute lethality of copper, cadm um and
zinc to northern squawfi sh. Trans. Am Fish. Soc. 109: 235.

Annune, P.A., S.O Ebele and AA dadineji. 1994. Acute toxicity of cadm um
to juveniles of darias gariepinus (Teugels) and Oreochrom s niloticus
(Trewavas). J. Environ. Sci. Health. A29(7): 1357-1365.

Anonynous. 1950. Cnhio River Valley Water Sanitation Conmm ssion, Subcommittee
on Toxicities, Metal Finishing Industries Action Conmttee Report No. 3.

Arillo, A, et al. 1982. Biochem cal effects of |ong-termexposure to C, Cd,

Ni on rainbow trout (Salnmo gairdneri Rich.): influence of sex and season
Chenosphere 11: 47.

140



Arillo, A, et al. 1984. Biochem cal effects of |ong-term exposure to cadm um
and copper on rainbow trout (Salnmo gairdneri): validation of water quality
criteria. Ecotoxicol. Environ. Safety 8: 106.

Arnac, M and C. Lassus. 1985. Heavy netal accunulation (Cd, Cu, Pb and Zn) by
snelt (Gsnerus nordax) fromthe north shore of the St. Lawence estuary. Water
Res. 19(6): 725-734.

Arshaduddin, M, R Yasneen, MM Hussain and M A Khan. 1989. Effect of two
heavy netals (lead and cadmiunm) on growth in the rotifer Asplanchna
internmedia. Pollut. Res. 8(3): 129-128.

Asato, S.L. and D.J. Reish. 1988. The effects of heavy netals on the survival
and feedi ng of Hol nesinysis costata (Crustacea: Msidacea). In: Proc. 7" Int.
Synp. on Mar. Biol., California State University, Long Beach, CA: 113-120.

Attar, E.N. and E. J. Maly. 1982. Acute toxicity of cadm um zinc, and cadm um
zinc mxtures to Daphnia nmagna. Arch. Environ. Contam Toxicol. 11: 291.

Austen, M C and A J. MEvoy. 1997. The use of offshore neiobenthic
conmmunities in | aboratory m crocosm experinments: response to heavy netal
contam nation. J. Exp. Mar. Biol. Ecol. 211: 247-261.

Avery, E.L., RH Dunstan and J. A Nell. 1996. The detection of pollutant
i mpact in marine environments: condition index, oxidative DNA damage, and
their associations with netal bioaccunulation in the Sydney rock oyster
Saccostrea comercialis. Arch. Environ. Contam Toxicol. 31: 192-198.

Azeez, P.A. and D.K Banerjee. 1987. Influence of |ight on chlorophyll, a
content of blue-green algae treated with heavy netals. Bull. Environ. Contam

Toxi col . 38: 1062-1069.

Babi ch, H and G Stotzky. 1978. Effects of cadmi umon the biota: influence of
environnental factors. Adv. Appl. Mcrobiol. 23: 55-117.

141



Babi ch, H and G Stotzky. 1982. Influence of chloride ions on the toxicity of
cadmumto fungi. Zbl. Bakt. Hyg., I. Abt. Oig. C 3: 421

Baby, K. V. and N.R Menon. 1987. Salt forns of netals and their toxicity in
the brown nussel Perna indica (Kuriakose and Nair). Indian J. Mar. Sci. 16(2):
107-109.

Bailey, HC, J.L. Mller, MJ. MIller and B.S. Dhaliwal. 1995. Application
of toxicity identification procedures to the echinodermfertilization assay to
identify toxicity in a nunicipal effluent. Environmental Toxicol ogy and
Chemistry. 14(12): 2181-2186.

Baillieul, M and R Blust. 1999. Analysis of the swi mmng velocity of
cadm um stressed Daphni a magna. Aquat. Toxicol. 44: 245-254.

Baird, D.J., |. Barber and P. Calow 1990. Conal variation in genera
responses of Daphnia magna Straus to toxic stress. I. Chronic life-history
ef fects. Functional Ecol ogy. 4(3): 399-407.

Baird, D.J., |. Barber, M Bradley, AMV.M Soares and P. Calow 1991. A
conparative study of genotype sensitivity to acute toxic stress using clones
of Daphni a magna Straus. Ecotoxicol ogy and Environnmental Safety. 21: 257-265.
Ball, I.R 1967. The toxicity of cadmumto rainbow trout (Sal o gairdneri
Ri chardson). Water Res. 1: 805.

Bal ogh, K V. and J. Sal anki. 1984. The dynamics of mercury and cadm um upt ake
into different organs of Anodonta cygnea L. Water Res. 18(11): 1381-1387.

Banbang, Y., G Charmantier, P. Thuet and J.P. Trilles. 1994. Effect of
cadm um on survival and osnoregul ati on of various devel opmental stages of the
shrinp Penaeus japoni cus (Crustacea: Decapoda). Mar. Biol. 123: 443-450.

Barata, C., D.J. Baird and S.J. Markich. 1998. Influence of genetic and
environnental factors on the tol erance of Daphnia magna Straus to essenti al
and non-essential metals. Aquatic Toxicol ogy. 42: 115-137.

142



Bar nt house, L.W, G W Suter Il, A E. Rosen and J.J. Beauchanp. 1987
Estimati ng responses of fish populations to toxic contan nants. Environ
Toxi col. Chem 6: 811-824.

Barque, J. Ph., A Abahamid, Y. Bourezgui, H Chacun and J. Bonaly. 1995.
G owm h responses of achl orophyl | ous Euglena gracilis to sel ected
concentrations of cadm um and pentachl orophenol. Arch. Environ. Contam
Toxi col . 28: 8-12.

Bartlett, L., et al. 1974. Effects of copper, zinc and cadm um on Sel enastrum

capricornutum Water Res. 8: 179.

Bartsch, MR, WG Cope and R G Rada. 1999. Effects of cadm um spi ked
sedi ment on cadm um accunul ati on and bi oturbati on by nynphs of the burrow ng
mayfly Hexagenia bilineata. Water, Air, Soil Pollut. 109: 277-292.

Battaglini, P., G Andreozzi, R Antonucci, N Arcanone, P. De Groloano, L
Ferrara and G Gargiulo. 1993. The effects of cadmumon the gills of the
gol dfi sh Carassius auratus L.: metal uptake and hi stochem cal changes. Conp.
Bi ochem Physiol. 104C(2): 239-247.

Baudrinmont, M, J. Metivaud, R Maury-Brachet, F. R beyre and A Boudou. 1997.
Bi oaccunul ati on and netal | ot hi onei n response in the asiatic clam (Corbicula
flum nea) after experinental exposure to cadm um and inorganic nercury.

Envi ronnent al Toxi col ogy and Chemi stry. 16(10): 2096-2105.

Bay, S, R Burgess and D. Nacci. 1993. Status and applications of echinoid
(Phyl um echi nodermata) toxicity test methods. Environ. Toxicol. R sk. Assess.,
ASTM STP 1179, WG Landis, J.S. Hughes and M A Lew s (eds.), American
Society for Testing and Materials, Philadel phia. pp. 281-302.

Beattie, J.H and D. Pascoe. 1978. Cadmi um uptake by rai nbow trout, Sal no
gai rdneri eggs and alevins. Jour. Fish Biol. 13: 631

143



Bednarz, T. and H Warkowska-Dratnal. 1983/1984. Toxicity of zinc, cadm um
| ead, copper, and their mxture for Chlorella pyrenoidosa Chick. Acta
Hydr obi ol . 25/26(3/4): 389-400

Beiras, R, E. Hs and M N L. Seaman. 1998. Effects of storage tenperature and
duration on toxicity of sedinments assessed by Crassostrea gigas oyster enbryo
bi oassay. Environ. Toxicol. Chem 17(10): 2100-2105.

Bel abed, W, N Kestali, S. Sensari and A. Gaid. 1994. Toxicity study of sone
heavy nmetals with daphnia test. Tech. Sci. Methods. 6: 331-336.

Bel anger, S.E. and D.S. Cherry. 1990. Interacting effects of pH acclimation,
pH, and heavy netals on acute and chronic toxicity to Ceriodaphni a dubia
(cl adocera). J. Crustacean Biol. 10(2): 225-235.

Bel | avere, C. and J. CGorbi. 1981. A conparative analysis of acute toxicity of
chrom um copper and cadmi umto Daphni a magna, Bi onphal aria gl abrata, and

Brachydanio rerio. Environ. Technol. Letters 2: 119.

Bendel | - Young, L.I. 1994. Conparison of netal concentrations in the fore and
hi ndguts of the crayfish Canbarus bartoni and Orconectes virilis and

i nplications regarding netal absorption efficiencies. Bull. Environ. Contam
Toxi col . 53: 844-851

Bendel | - Young, L.I. 1999. Application of a kinetic nodel of bioaccunulation
across a pH and salinity gradient for the prediction of cadm um uptake by the
sedi ment dwel ling chironom dae. Environ. Sci. Technol. 33: 1501-1508.

Bendel | - Young, L.I., HH Harvey and J.F. Young. 1986. Accunul ation of cadm um
by white suckers (Catostonus conmersoni) in relation to fish growh and | ake
acidification. Can. J. Fish. Aquat. Sci. 43: 806-811

Bengt sson, B. 1978. Use of harpacticoid copepod in toxicity tests. Mar
Pollut. Bull. 9: 238.

Bengtsson, B.E. and B. Bergstrom 1987. A flowthrough fecundity test with

Ni t ocra spini pes (Harpacticoi dea crustacea) for aquatic toxicity.
Ecot oxi col ogy and Environnental Safety. 14: 260-268.

144



Benoit, D. A, et al. 1976. Toxic effects of cadm um on three generations of
brook trout (Salvelinus fontinalis). Trans. Am Fish. Soc. 105:550.

Bentley, P.J. 1991. Accumul ati on of cadmi um by channel catfish (lctal urus
punctatus): influx fromenvironnental solutions. Conp. Bi ochem Physiol. 99C
527-529.

Berglind, R 1985. The effects of cadmi umon ala-d activity, growh and
haenogl obin content in the water flea, Daphnia nmagna. Conp. Bi ochem Physi ol
80C(2): 407-410

Berglind, R 1986. Conbined and separate effects of cadm um |ead and zinc on
ala-d activity, growth and henogl obi n content in Daphnia magna. Environ
Toxi col. Chem 5: 989-995

Bernds, D, D. Wibben and G P. Zauke. 1998. Bi oaccumul ation of trace nmetals in
pol ychaetes fromthe German Wadden Sea: eval uation and verification of
t oxi coki neti c nodels. Chenpsphere. 37(13): 2573-2587.

Bertram P.E. and B. A Hart. 1979. Longevity and reproduction of Daphnia pul ex
(deCGeer) exposed to cadm um contam nated food or water. Environ. Pollut. 19:
295.

Bervoets, L., R Blust and R Verheyen. 1995. The uptake of cadm um by the
m dge | arvae Chirononus riparius as a function of salinity. Aquat. Toxicol
33: 227-243.

Bervoets, L, R Blust and R Verheyen. 1996. Effect of tenperature on cadm um
and zi nc uptake by the m dge |arvae Chirononus riparius. Arch. Environ
Contam Toxicol. 31: 502-511

Besser, J.M and C. F. Rabeni. 1987. Bioavailability and toxicity of netals
| eached fromlead-nmne tailings to aquatic invertebrates. Environ. Toxicol
Chem 6: 879-890.

Bi esinger, KKE. and GM Christensen. 1972. Effects of various netals on
survival, growth, reproduction, and netabolism of Daphnia nagna. Jour. Fish.
Res. Board Can. 29: 1691

145



Biesinger, KE, GM Christensen and J.T. Fiandt. 1986. Effects of netal salt
m xt ures on Daphni a magna reproduction. Ecotoxicol. Environ. Safety. 11: 9-14.

Bigelow, L.K. and D.C Lasenby. 1991. Particle size selection in cadm um
upt ake by the opossum shrinp, Mysis relicta. Bull. Environ. Contam Toxi col
47: 790- 796.

Birge, WJ. 1978. Aquatic toxicology of trace elenents of coal and fly ash.
In: J.H Thorp and J. W G bbons (eds.), Energy and Environnental Stress in
Aquatic Systens. CONF-771114. National Technical Information Service,
Springfield, Virginia. p. 219.

Birge, WJ., et al. 1978. Enbryo-|arval bioassay on inorganic coal elenents
and in situ biomonitoring of coal-waste effluents. In: D.E. Samuel, et al
(eds.), Surface Mning and Fish/WIldlife Needs in the Eastern United States.
PB 298353. National Technical Information Service, Springfield, Virginia. p.
97.

Birge, WJ., et al. 1979. The effects of nercury on reproduction of fish and
anphi bians. In: J.O Nriagu (ed.), The Biochem stry of Mercury in the
Envi ronnent. El sevier/North-Holland, New York. p. 629.

Birge, WJ., et al. 1980. Aquatic toxicity tests on inorganic el enents
occurring in oil shale, In: C Gale (ed.), G| Shale Synmposium Sanpling
Anal ysis and Quality Assurance. EPA-600/9-80-022. National Technica
Information Service, Springfield, Virginia. p. 519.

Birge, WJ., et al. 1981. The reproductive toxicol ogy of aquatic contam nants.
In: J. Saxena and F. Fisher (eds.), Hazard Assessnent of Chemnicals: Current
Devel opnents. Vol. 1. Academic Press, New York. p. 59.

Birge, WJ., et al. 1983. Induction of tolerance to heavy netals in natura
and | aboratory popul ati ons of fish. PB84-111756. National Technica

Information Service, Springfield, Virginia.

Birge, WJ., J.A Black and A.G Wsterman. 1985. Short-termfish and
anphi bi an enbryo-larval tests for determining the effects of toxicant stress

146



on early life stages and estimating chronic val ues for single conpounds and
conpl ex effluents. Environmental Toxicol ogy and Chem stry. 4: 807-821.

Birmelin, C, J. Cuzin-Roudy, M Roneo, M Gnassia-Barelli and S. Puiseux-Dao.
1995. The nysid Siriella armata as a test organisns in toxicology: effects of
cadmium Mar. Environ. Res. 39: 317- 320.

Bi shop, WE. and AW MlIntosh. 1981. Acute lethality and effects of subl et hal
cadmi um exposure on ventilation frequency and cough rate of bluegill (Lepoms
macrochirus). Arch. Environ. Contam Toxicol. 10: 519.

Bitton, G, K Jung and B. Koopman. 1994. Evaluation of a mcroplate assay
specific for heavy netal toxicity. Arch. Environ. Contam Toxicol. 27: 25-28.

Bitton, G, K Rhodes, B. Koopman and M Cornejo. 1995. Short-termtoxicity
assay based on daphnid feedi ng behavior. Water Environ. Res. 67(3): 290-293.

Bitton, G, K Rhodes and B. Koopman. 1996. Ceriofast™ an acute toxicity test
based on Ceri odaphni a dubi a feedi ng behavi or. Environnmental Toxicol ogy and
Chemistry. 15(2): 123-125.

Bj erregaard, P. 1982. Accumul ati on of cadm um and sel eni um and their nutual
interaction in the shore crab Carcinus maenas. Aquat. Toxicol. 2: 113.

Bj erregaard, P. 1985. Effect of sel eniumon cadm um uptake in the shore crab
Carcinus naenas (L.). Aquat. Toxicol. 7: 177-189.

Bj erregaard, P. 1991. Rel ationship between physi ol ogi cal condition and cadm um
accunul ation in Carcinus nmaenas (L.). Conp. Biochem Physiol. 99A(1/2): 75-83.

Bj erregaard, P. and M H Depledge. 1994. Cadm um accunulation in Littorina
littorea, Mytilus edulis and Carci nus maenas: the influence of salinity and
cal ciumion concentrations. Mar. Bio. 119: 385-395.

Black, J.A. and WJ. Birge. 1980. An avoi dance response bi oassay for aquatic

pol | utants. PB80-180490. National Technical Information Service, Springfield,
Vi rginia.

147



Bl i ckens, E.A.M 1978. Cadmi um i nduced hi st opat hol ogi cal changes in the gills
of the brown bull head Ictal urus nebul osus (Lesueur). Ph.D. Thesis. New York
Uni versity.

Block, M and AW dynn. 1992. Influence of xanthates on the uptake of °Cd
by Eurasi an dace (Phoxi nus phoxi nus) and rai nbow trout (Oncorhynchus nykiss).
Environ. Toxicol. Chem 11: 873-879.

Block, M and P. Part. 1992. Uptake of °°Cd by cultured gill epithelial cells
fromrai nbow trout (Oncorhynchus nykiss). Aquat. Toxicol. 23: 137-151

Block, M AW dynn and P. Part. 1991. Xanthate effects on cadm um uptake and
intracellular distribution in rainbow trout (Oncorhynchus nykiss) gills.
Aquat . Toxicol. 20: 267-284.

Blondin, GA, L.M Knobeloch, HW Read and J.M Harkin. 1989. An in vitro
subm tochondri al bioassay for predicting acute toxicity in fish. Aquat.
Toxi col. Environ. Fate. ASTM STP 1007, GW Suter Il and MA Lewis (eds.),
American Society for Testing and Materials, Philadel phia. 11: 551-563.

Bodar, CWM, I. Van der Sluis, P.A Voogt and D.l. Zandee. 1988a. Effects of
cadmi um on consunption, assinilation and bi ochem cal paranmeters of Daphnia
magna: possible inplications for reproduction. Conp. Bi ochem Physiol. 90C(2):
341- 346.

Bodar, CWM, CJ. Van Leeuwen, P.A Voogt and D.l. Zandee. 1988b. Effect of
cadm um on the reproduction strategy of Daphnia magna. Aquatic Toxicol ogy. 12:
301- 310.

Bodar, CWM, A V.D. Zee, P.A Voogt, H Wnne and D.I. Zandee. 1989
Toxicity of heavy nmetals to early life stages of Daphnia magna. Ecot oxi col ogy
and Environnmental Safety. 17: 333-338.

Bodar, CWM, P.A Voogt and D.1. Zandee. 1990a. Ecdysteroids in Daphnia
magna: their role in nmoulting and reproduction and their |evels upon exposure
to cadm um Aquat. Toxicol. 17: 339-350.

148



Bodar, CWM, I. Van der Sluis, J.C.P., Van Montfort, P.A Voogt and D.I.
Zandee. 1990b. Cadmi um resistance in Daphnia nagna. Aquat. Toxicol. 16: 5633-
40.

Bol anos, L., M Garcia-Conzalez, P. Mateo and |. Bonilla. 1992. Differential
t oxi col ogi cal response to cadm umin Anabaena strain PCC 7119 grown with NO;y
or NH,;* as nitrogen source. J. Plant Physiol. 140: 345-349.

Borchardt., T. 1983. Influence of food quantity on the kinetics of cadm um
upt ake and | oss via food and seawater in Mytilus edulis. Mar. Biol. 76: 67-76.

Borgmann, U., WP. Norwood and |I.M Babirad. 1991. Rel ationship between
chronic toxicity and bi oaccunul ati on of cadmumin Hyalella azteca. Can. J.
Fi sh. Aquat. Sci. 48: 1055-1060.

Borgmann, U. and KM Ral ph. 1986. Effects of cadm um 2, 4-dichl orophenol, and
pent achl or ophenol on feeding, growh, and particle-size-conversion efficiency
of white sucker |arvae and young comon shiners. Arch. Environ. Contam

Toxi col . 15: 473-480.

Borgmann, U., KM Ralph and WP. Norwood. 1989. Toxicity test procedures for
Hyal el | a azteca, and chronic toxicity of cadm um and pentachl orophenol to H.
azteca, Gammarus fasciatus, and Daphnia magna. Arch. Environ. Contam Toxi col.
18: 756-764.

Bosnak, A.D. and E.L. Mrgan. 1981. Acute toxicity of cadm um zinc, and total
resi dual chlorine to epigean and hypogean i sopods (Asellidae). Natl.
Spel eol ogi cal Soc. Bull. 43: 12.

Bouquegneau, J.M and M Martoja. 1982. La teneur en cuivre et son degre de
conpl exati on chez quatre gasteropodes marins. Donnees sur |e cadm umet zinc.
Cceanol ogi ca Acta 5: 219.

Boutet, C. And C Chaisemartin. 1973. Specific toxic properties of netallic
salts in Austropotanobius pallipes pallipes and Orconectes |inbsus. C R Soc.
Biol. 167: 1933.

149



Bowen, WJ., 11l and D.W Engel. 1996. Effects of protracted cadm um exposure
on ganmetes of the purple sea urchin, Arbacia punctulata. Bull. Environ
Contam Toxicol. 56: 493-499.

Boyden, C. R 1977. Effect of size upon netal content of shellfish. Jour. Mar
Biol. Assoc. U K 57: 675.

Bozeman, J., B. Koopman and G Bitton. 1989. Toxicity testing using
i mobilized al gae. Aquatic Toxicol ogy. 14: 345-352.

Bragi nskiy, L.P. and E. P. Shcherban. 1978. Acute toxicity of heavy netals to
aquatic invertebrates at different tenperatures. Hydrobiol. Jour. 14(6): 78.

Brand, L.E., WG Sunda and RR L. Cuillard. 1986. Reduction of marine
phyt opl ankt on reproduction rates by copper and cadm um J. Exp. Mar. Biol
Ecol . 96: 225-250

Brent, RN and E.E. Herricks. 1998. Postexposure effects of brief cadm um
zinc, and phenol exposures on freshwater organisns. Environnental Toxicol ogy
and Chemistry. 17(10): 2091-2099.

Bresler, V. and V. Yanko. 1995. Acute toxicity of heavy metals for benthic
epi phytic foram nifera Pararotalia spinigera (Le Calvez) and influence of
seaweed- deri ved doc. Environ. Toxicol. Chem 14(10): 1687-1695.

Bressan, M and R Brunetti. 1988. The effects of nitriloacetic acid, Cd and
Hg on the marine algae Dunaliella tertiolecta and |Isochrysis gal bana. \Water
Res. 22(5): 553-556.

Bri ngmann, G 1975. Determination of the biologically harnful effect of water
pol lutants by neans of the retardation of cell proliferation of the blue al gae
M crocystis. Gesundheits-lng. 96: 238.

Bri ngmann, G 1978. Determi nation of the biological toxicity of waterbound

subst ances towards protozoa. |. bacteriovorous flagellates (nodel organi sm
Ent osi phon sul catum Stein). Z. Wasser Abwasser Forsch. 11: 210.

150



Bri ngmann, G and R Kuhn. 1959a. The toxic effects of waste water on aquatic
bacteria, algae, and small crustaceans. Gesundheits-Ing. 80: 115.

Bri ngmann, G and R Kuhn. 1959b. Water toxicol ogy studies with protozoans as
test organi sms. Cesundheits-1ng. 80: 239.

Bri ngmann, G and R Kuhn. 1976. Conparative results of the damaging effects
of water pollutants against bacteria (Pseudononas putida) and bl ue al gae

(M crocystis aerugi nosa). Gas-Wasserfach, Wasser-Abwasser 117: 410.

Bri ngmann, G and R Kuhn. 1977a. Limting values for the damagi ng action of
water pollutants to bacteria (Pseudononas putida) and green al gae (Scenedesmnus
quadricauda) in the cell nultiplication inhibition test. Z Wsser Abwasser
Forsch. 10: 87.

Bri ngmann, G and R Kuhn. 1977b. Results of damagi ng effect of water
pol | utants on Daphni a magna. Z. \Wasser Abwasser Forsch. 10: 161.

Bri ngmann, G and R Kuhn. 1978a. Limting values for the noxious effects of
water pollutant material to blue algae (Mcrocystis aerugi nosa) and green

al gae (Scenedesnus quadricauda) in cell propagation inhibition test. Vom
Wasser 50: 45.

Bri ngmann, G and R Kuhn. 1978b. Testing of substances for their toxicity
t hreshol d: nodel organisns Mcrocystis (D plocystis) aerugi nosa and

Scenedesnus quadricauda. Mtt. Int. Ver. Theor. Angew. Limnol. 21: 275.

Bri ngmann, G and R Kuhn. 1979. Conparison of toxic limting concentrations
of water contam nants toward bacteria, algae, and protozoa in the cell-growh
i nhibition test. Haustech. Bauphys. Umelttech. 100: 249.

Bri ngmann, G and R Kuhn. 1980a. Deternination of the harnful biological
effect of water pollutants on protozoa. |Il. bacteriovorous ciliates. Z \Wasser
Abwasser Forsch. 13: 26.

Bri ngmann, G and R Kuhn. 1980b. Conparison of the toxicity threshol ds of
water pollutants to bacteria, algae, and protozoa in the cell multiplication
i nhibition test. Water Res. 14: 231.

151



Bri ngmann, G and R Kuhn. 1981. Conparison of the effects of harnful
substances on flagellates as well as ciliates and on hal ozoi ¢ bact eri ophagous
and saprozoi c protozoa. Gas-Wasserfach, Wasser-Abwasser 122: 308.

Bri ngmann, G and R Kuhn. 1982. Results of toxic action of water pollutants on
Daphni a magna Straus tested by an inproved standardi zed procedure. Z. Wasser

Abwasser Forsch. 15: 1.

Bringmann, G, et al. 1980. Determ nation of biological damage from water

pollutants to protozoa. Il1. saprozoic flagellates. Z Wasser Abwasser Forsch
13: 170.
Br kovi c- Popovic, |. and M Popovic. 1977a. Effects of heavy netals on survival

and respiration rate of tubificid wornms: Part |-effects on survival. Environ
Pol I ut. 13:65.

Br kovi c- Popovic, |. and M Popovic. 1977b. Effects of heavy netals on survival
and respiration rate of tubificid wornms: Part Il-effects on respiration rate.
Environ. Pol lut. 13: 93.

Brooks, AW, L. Miltby, A J. Saul and P. Calow 1996. A sinple indoor
artificial streamsystem designed to study the effects of toxicant pul ses on
aquatic organisns. Wat. Res. 30(2): 285-290.

Brouwer, M D.W Engel, J. Bonaventura and G A. Johnson. 1992. In vivo
magneti c resonance i magi ng of the blue crab, Callinectes sapidus: effect of
cadm um accunul ation in tissues on proton relaxation properties. J. Exp. Zool
263: 32-40

Brown, B. and M Ahsanullah. 1971. Effect of heavy netals on nortality and
growmh. Mar. Pollut. Bull. 2: 182.

Brown, A F. and D. Pascoe. 1988. Studies on the acute toxicity of pollutants

to freshwater nmacroinvertebrates 5. The acute toxicity of cadmumto twelve
speci es of predatory macroi nvertebrates. Arch. Hydrobiol. 114(2): 311-319.

152



Brown, D. A, et al. 1984. Detoxification/toxification of cadmiumin
scorpionfish (Scorpaena quttata): acute exposure. Aquat. Toxicol. 5: 93

Brown, MW, D.G Thomas, D. Shurben, J.F. De L.G Solbe, J. Kay and A Cryer
1986. A conparison of the differential accumulation of cadmumin the tissues
of three species of freshwater fish, Salnmp Gairdneri, Rutilus rutilus and
Noemachei | us barbat ul us. Conp. Bi ochem Physiol. 84C(2): 213-217.

Brown, V., D. Shurben, W MIller and M Crane. 1994. Cadmiumtoxicity to
rai nbow trout Oncor hynchus nyki ss Wal baum and brown trout Salno trutta L. over
ext ended exposure periods. Ecotoxicol ogy and Environnmental Safety. 29: 38-46.

Brunetti, R, M Marin, M Bressan, M Zordan and A Soggia. 1991. Effects of
the chelating agent nitrilotriacetic acid (NTA) on the toxicity of metals (Cd,
Cu, Zn and Pb) in the sea urchin Paracentrotus lividus LMK Vie Mlieu. 41(1):
39-43.

Bryan, GW 1971. The effects of heavy netals (other than mercury) on narine
and estuarine organisms. Proc. R Soc. London B. 177: 389.

Bryan, GW, et al. 1983. An assessnent of the gastropod, Littorina littorea,
as an indicator of heavy netal contamination in United Ki ngdom estuaries.
Jour. Mar. Biol. Assoc. U K 63: 327.

Bryan, MD., GJ. Atchison and MB. Sandheinrich. 1995. Effects of cadm um on
t he foragi ng behavior and growh of juvenile bluegill, Lepom s nmacrochirus.
Can. J. Fish. Aquat. Sci. 53: 1630-1638.

Buckl ey, J.A., G A Yoshida, NR Wlls and R T. Aquino. 1985. Toxicities of
total and chelex-labile cadmumto salnon in solutions of natural water and
diluted sewage with potentially different cadm um conpl exi ng capacities. Wter
Res. 19(12): 1549-1554.

Buhl, K. J. 1997. Relative sensitivity of three endangered fishes, Col orado
squawfi sh, bonytail, and razorback sucker, to selected netal pollutants.
Ecot oxi col ogy and Environnental Safety. 37: 186-192.

153



Buhl, K. J. and S.J. Hamilton. 1991. Relative sensitivity of early life stages
of arctic grayling, coho sal non, and rai nbow trout to nine inorganics.
Ecot oxi col ogy and Environnental Safety. 22: 184-197.

Bui kema, A. L., Jr., et al. 1974a. Rotifers as nonitors of heavy netal
pollution in water. Bulletin 71. Virginia Water Resources Research Center
Bl acksburg, Virginia.

Bui kema, A L., Jr., et al. 1974b. Evaluation of Philodina acuticornis
(Rotifera) as a bioassay organismfor heavy netals. Water Resources Bull. 10:
648.

Bui kema, A. L., Jr., et al. 1977. Rotifer sensitivity to conbinations of
i norgani c water pollutants. Bulletin 92. Virginia Water Resources Research
Center, Blacksburg, Virginia.

Burdin, K S. and K T. Bird. 1994. Heavy netal accumul ati on by carrageenan and
agar produci ng al gae. Bot. Mar. 37: 467-470.

Burnison, G, et al. 1975. Toxicity of cadmumto freshwater algae. Proc. Can.
Fed. Biol. Soc. 18: 46.

Burrell, D.C. and D. Wi hs. 1983. Uptake of cadm um by mari ne bacteria and
transfer to a deposit feeding clam Sea Grant Report 83-5. University of
Al aska, Fairbanks, Al aska.

Burton, D.T. and D.J. Fisher. 1990. Acute toxicity of cadm um copper, zinc,
ammoni a, 3, 3'-di chl orobenzi di ne, 2,6-dichloro-4-nitroaniline, nethylene
chloride, and 2,4,6-trichlorophenol to juvenile grass shrinmp and killifish.
Bull. Environ. Contam Toxicol. 44: 776-783.

Busch, D, T. Lucker and W Wbsniok. 1998. Effects of changing salt
concentrations and ot her physical -chem cal paraneters on bioavailability and
bi oaccunul ati on of heavy nmetals in expose Drei ssena pol ynorpha (Pallas, 1771).
Li mol . 28(3): 263-274.

154



Cairns, J. Jr., J.R Pratt, B.R N ederlehner and P.V. MCorm ck. 1986. A
sinple, cost-effective nmultispecies toxicity test using organisns with a
cosnopol itan distribution. Environ. Mnit. Assess. 6: 207-220.

Cal abrese, A, et al. 1973. The toxicity of heavy netals to enbryos of the
Ameri can oyster Crassostrea virginica. Mar. Biol. 18: 162.

Cal abrese, A, et al. 1975. Subl et hal physiol ogi cal stress induced by cadm um
and nercury in the winter flounder, Pseudopl euronectes anericanus. In: J.H
Koeman and J.J. T.WA. Strik (eds.), Sublethal Effects of Toxic Chemicals in
Aquatic animals. Elsevier, New York. p. 15.

Calevro, F., S. Campani, M Ragghianti, S. Bucci and G Mancino. 1998a. Tests
of toxicity and teratogenicity in biphasic vertebrates treated with heavy
netals (Cr®, A3, Cd?). Chenosphere. 37(14-15): 3011-3017

Calevro, F, C Filippi, P. Deri, C A bertosi, R Batistoni. 1998b. Toxic
effects of alum num chrom um and cadmumin intact and regenerating
freshwat er pl anarians. Chenosphere. 37(4): 651-659.

Cal l ahan, M A, et al. 1979. Water-related environnental fate of 129 priority
pol lutants. Vol. |. EPA-440/4-79-029a. National Technical Information Service,
Springfield, Virginia.

Canmpbel I, J. and R D. Evans. 1991. Cadmi um concentrations in the freshwater
nmussel (Elliptio conplanata) and their relationship to water chem stry. Arch.
Environ. Contam Toxicol. 20: 125-131.

Camusso, M, L. Vigano and R Balestrini. 1995. Bioconcentration of trace
metals in rainbow trout: a field study. Ecotoxicol. Environ. Safety. 31: 133-
141.

Canli, M and RW Furness. 1993. Toxicity of heavy nmetals dissolved in sea
wat er and influences of sex and size on netal accunul ation and tissue
distribution in the Norway | obster Nephrops norvegi cus. Mar. Environ. Res. 36:
217-236.

155



Canli, M and RW Furness. 1995. Mercury and cadm um upt ake from seawat er and
fromfood by the Norway | obster Nephrops norvegi cus. Environ. Toxicol. Chem
14(5): 819-828.

Canterford, GS. and DR Canterford. 1980. Toxicity of heavy netals to the
marine diatomDitylumbrightwellii (Wst) Gunow correlation between toxicity
and netal speciation. Jour. Mar. Biol. Assoc. U K 60: 227.

Canton, J.H and DDMM Adenma. 1978. Reproducibility of short-termand re-
production toxicity experinents with Daphnia magna and conpari son of the
sensitivity of Daphnia magna with Daphnia pul ex and Daphnia cucullata in
short-term experi ment. Hydrobiol ogia 59: 135.

Canton, J.H and W Slooff. 1979. A proposal to classify conpounds and to
establish water quality based on | aboratory data. Ecotoxicol. Environ. Safety
3: 126.

Canton, J.H and W Slooff. 1982. Toxicity and accunul ati on studies of cadm um
(Cd?*) with freshwater organisms of different trophic |evels. Ecotoxicol.
Environ. Safety 6: 113.

Cardin, J.A 1982. Menorandumto J.H Gentile. U S. EPA Narragansett, Rhode
I sl and.

Carlisle, DM and WH. Cdenents. 1999. Sensitivity and variability of netrics
used in biological assessnents of running waters. Environ. Toxicol. Chem
18(2): 285-291.

Carlson, AR, et al. 1982. Cadmiumand endrin toxicity to fish in waters
contai ning mneral fibers. EPA-600/3-82-053. National Technical Information

Service, Springfield, Virginia.

Carmichael, NNG and B.A Fow er. 1981. Cadm um accumnul ation and toxicity in
the kidney of the bay scallop Argopecten irradians. Mar. Biol. 65: 35.

Carpene, E. and L. Boni. 1992. Effects of heavy netals on the algae Nitzschia

cl osteriumand Prorocentrum m cans. Sci. Total Environ. pp. 921-927.

156



Carr, RS and J.M Neff. 1982. Biochem cal indices of stress in the sandworm
Neant hes virens (Sars). Il. sublethal responses to cadm um Aquat. Toxicol. 2:
319.

Carr, RS, J.W WIlliams, F.I. Saksa, R L. Buhl and J.M Neff. 1985.
Bi oenergetic alterations correlated with growth, fecundity and body burden of
cadm um for nysids (Msidopsis bahia). Environ. Toxicol. Chem 4: 181-188.

Carrier, R and T.L. Beitinger. 1988a. Reduction in thermal tolerance of
Notropis lutrensis and Pi nephal es pronel as exposed to cadmi um Water Res.

22(4): 511-515.

Carrier, R and T.L. Beitinger. 1988b. Resistance of tenperature tol erance

ability of green sunfish to cadm um exposure. Bull. Environ. Contam Toxicol.
40: 475-480.

Carroll, J.J., et al. 1979. Influences of hardness constituents on the acute
toxicity of cadmumto brook trout (Salvelinus fontinalis). Bull. Environ.

Contam Toxicol. 22:575.

Casini, S. and MH Depledge. 1997. Influence of copper, zinc, and iron on
cadm um accunul ation in the Talitrid anphi pod, Platorchestia platensis. Bull.
Environ. Contam Toxicol. 59: 500-506.

Cassini, A L. Tallandini, N Favero and V. Al bergoni. 1986. Cadm um
bi oaccunul ation studies in the freshwater nolluscs Anodonta cygnea and Uni o
el ongat ul us. Conp. Biochem Physiol. 84C(1): 35-41.

Castano, A., MJ. Cantarino, P. Castillo and J.V. Tarazona. 1996. Correl ations
between the RTG 2 cytotoxicity test EC50 and in vivo LC50 rai nbow trout
bi oassay. Chenobsphere. 32(11): 2141-2157.

Castille, F.L., Jr., and A L. Lawence. 1981. The effects of EDTA (ethyl ene-
dinitrotetraacetic acid) on the survival and devel opment of shrinp nauplii
(Penaeus stylirostris Stinpson) and the interactions of EDTA and the
toxicities of cadm um calcium and phenol. Jour. World Maricul. Soc. 12: 292.

157



Cearley, J.E. and R L. Coleman. 1973. Cadmumtoxicity and accumul ation in
sout hern naiad. Bull. Environ. Contam Toxicol. 9: 100.

Cearley, J.E. and R L. Coleman. 1974. Cadmiumtoxicity and bi oconcentration in
| argenout h bass and bluegill. Bull. Environ. Contam Toxicol. 11: 146.

Centeno, MD., L. Brendonck and G Persoone. 1993. Cyst-based toxicity tests.
[11. Devel opment and standardi zation of an acute toxicity test with the
freshwat er anostracan crustacean Streptocephal us proboscideus. In: AMV. M
Soares and P. Calo (eds.). Progress in Standardi zation of Aquatic Toxicity
Tests. Lewis Publishers. pp 37-55.

Centeno, MD.F., G Persoone and M P. Goyvaerts. 1995. Cyst-based toxicity
tests. I X. The potential of Thammocephal us pl atyurus as test species in
conparison with Streptocephal us probosci deus (Crustacea: branchi opoda:
anostraca). Environ. Toxicol. Water Qual.: an International Journal. 10(4):
275-282.

Chagnon, N.L. and S.1. Guttman. 1989. Differential survivorship of allozynme
genotypes in nosquitofish popul ati ons exposed to copper or cadm um
Envi ronnent al Toxi col ogy and Chemi stry. 8: 319-326.

Chan, H. M 1988. Accumul ati on and tol erance to cadm um copper, |ead and zinc
by the green nussel Perna viridis. Mar. Ecol. Prog. Ser. 48: 295-303.

Chan, HM, P. Bjerregaard, P.S. Rainbow, MH Depledge. 1992. Uptake of zinc
and cadm um by two popul ati ons of shore crabs Carci nus nmaenas at different
salinities. Mar. Ecol. Prog. Ser. 86: 91-97.

Chan, K., et al. 1981. Effects of polyethylene glycol on growh and cadm um
accunul ation of Chlorella salina CU- 1. Chenosphere 10: 985.

Chander, G P., N V. Madhav and Vidyavati. 1991. Response of Pithophora

oedogonia to cadmium Acta Botanica Indica. 19: 240-242.

Chandi ni, T. 1988a. Changes in food (Chlorella) levels and the acute toxicity

of cadm umto Daphnia carinata (daphni dae) and Echinisca triserialis

158



(macrothricidae) (Crustacea: cladocera). Bull. Environ. Contam Toxicol. 41:
398-403.

Chandi ni, T. 1988b. Effects of different food (Chlorella) concentrations on
the chronic toxicity of cadmumto survivorship, growh and reproduction of
Echinisca triserialis (crustacea: cladocera). Environ. Pollut. 54: 139-154.

Chandi ni, T. 1989. Survival, growth and reproduction of Daphnia carinata
(crustacea: cladocera) exposed to chronic cadm umstress at different food
(Chlorella) levels. Environ. Pollut. 60: 29-45.

Chandi ni, T. 1991. Reproductive value and the cost of reproduction in Daphnia
carinata and Echinisca triserialis (crustacea: cladocera) exposed to food and
cadm um stress. Bull. Environ. Contam Toxicol. 47: 76-83.

Chandra, P. and P. Garg. 1992. Absorption and toxicity of chrom um and cadm um
i n Li mant hemum cristatum Gi seb. Sci. Total Environ. 125: 175-183.

Chang, M, H C Lin and P. Hwmang. 1998. Ca?" uptake and Cd?* accumul ation in
larval tilapia (Oeochrom s nobssanbi cus) acclinmated to waterborne Cd2. Am J.
Physiol . 27(6): 1570-1577.

Chapman, G A. 1975. Toxicity of copper, cadm um and zinc to Pacific Northwest
sal noides. U S. EPA Corvallis, O egon.

Chapman, G A. 1978. Toxicities of cadm um copper, and zinc to four juvenile
stages of chinook sal non and steel head. Trans. Am Fish. Soc. 107: 841.

Chapman, G A. 1982. Letter to C E. Stephan. U S. EPA, Corvallis, O egon.
Decenber 6.

Chapman, G A and D.G Stevens. 1978. Acutely lethal levels of cadm um
copper, and zinc to adult mal e coho sal non and steel head. Trans. Am Fi sh.
Soc. 107: 837.

Chapman, G A., et al. Mnuscript. Effects of water hardness on the toxicity of
nmetal s to Daphnia magna. U. S. EPA, Corvallis, O egon.

159



Chapman, P.M, et al. 1982. Relative tolerances of selected aquatic
ol i gochaetes to individual pollutants and environnental factors. Aquat.
Toxicol . 2: 47.

Chapman, WH., et al. 1968. Concentration factors of chem cal elenents in
edi bl e aquatic organisns. UCRL-50564. National Technical Information Service,
Springfield, Virginia.

Charpentier, S., J. Garnier and R Flaugnatti. 1987. Toxicity and
bi oaccunul ati on of cadmi umin experinental cultures of duckweed, Lemma
polyrrhiza L. Bull. Environ. Contam Toxicol. 38: 1055-1061

Chat t opadhyay, S. K. Anam and A K Aditya. 1995. Bioassay eval uation of acute
toxicity levels of nercuric chloride and cadm umchloride on the early grow ng
stages of Labeo rohita. J. Ecobiol. 7(1): 41-47.

Chaw a, G, J. Singh and P.N Viswanathan. 1991. Effect of pH and tenperature
on the uptake of cadm um by Lemma minor L. Bull. Environ. Contam Toxicol. 47:
84- 90.

Chen, C.Y., KC Lin and D.T. Yang. 1997. Conparison of the relative toxicity
rel ati onshi ps based on batch and continuous algal toxicity tests. Chenosphere.
35(9): 1959-1965.

Cheung, C.C.C. and P.K.S. Lam 1998. Effect of cadm umon the enbryos and
juveniles of a tropical freshwater snail, Physa acuta (Draparnaud, 1805).
Water Sci. Tech. 38(7): 263-270.

Chitguppa, R, KH Chu and MA Hashim 1997. Reusability of seaweed
bi osorbent in multiple cycles of cadm um adsorption and desorption. Biotech
Techni ques 11(6): 371-373.

Chou, C L. and J.F. Uhe. 1991. Effect of starvation on trace nmetal levels in
bl ue nussels (Mytilus edulis). Bull. Environ. Contam Toxicol. 46: 473-478

Chou, C. L., J.F. Uhe, J.D. Castell and J.C. Kean. 1987. Effect of dietary
cadm um on growt h, survival, and tissue concentrations of cadm um zinc,

160



copper, and silver in juvenile anmerican |obster (Homarus americanus). Can. J.
Fi sh. Aquat. Sci. 44: 1443-1450.

Christoffers, D. and DE.W Ernst. 1983. The in-vivo fluorescence of Chlorella
fusca as a biological test for the inhibition of photosynthesis. Toxicol
Environ. Chem 7: 61-71.

G ausen, P.S., P. Bjerregaard and M H Depl edge. 1993. Passive and active
cadmi um uptake in the isolated gills of the shore crab, Carcinus maenas (L.).
Chenosphere. 26(12): 2209-2219.

Cubb, RW, et al. 1975. Acute cadm umtoxicity studies upon nine species of
aquatic insects. Environ. Res. 9: 332.

Collard, J.M and R F. Matagne. 1994. Cd? resistance in wld-type and nutant
strains of Chlamydononas reinhardtii. Environ. Exp. Bot. 34(2): 235-244.

Collyard, S.A, GT. Ankley, R A Hoke and T. Goldenstein. 1994. Influence of
age on the relative sensitivity of Hyalella azteca to diazinon, alkyl pheno

et hoxyl ates, copper, cadmium and zinc. Arch. Environ. Contam Toxicol. 26:
110-113.

Conway, H. L. 1978. Sorption of arsenic and cadmiumand their effects on
growm h, mcronutrient utilization, and photosynthetic pignment conposition of
Asterionella fornosa. Jour. Fish. Res. Board Can. 35: 286.

Cope, WG, J.G Wener and GJ. Atchison. 1994. Hepatic cadm um netal -
bi ndi ng proteins and bi oaccunul ation in bluegills exposed to aqueous cadm um
Envi ronnental Toxi col ogy and Chem stry. 13(4): 553-562.

Coppel lotti, O 1994. Effects of cadm um on U onema mari num (ciliophora,
scuticociliatida) fromAntarctica. Acta Protozool. 33: 159-167

Couillard, Y., P. Ross and B. Rinel-Aloul. 1989. Acute toxicity of six netals
to the rotifer Brachionus calyciflorus, with conparisons to other freshwaer
organi sms. Toxic. Assess. 4(4): 451-462.

161



Craig, A, L. Hare, P.M Charest and A Tessier. 1998. Effect of exposure
regime on the internal distribution of cadm umin Chirononus staegeri |arvae
(insecta, diptera). Aquat. Toxicol. 41: 265-275.

Craig, A, L. Hare and A Tessier. 1999. Experinmental evidence for cadm um
upt ake via cal ciumchannels in the aquatic insect Chirononus staegeri. Aquat.
Toxi col . 44: 255-262.

Cripe, GM 1994. Conparative acute toxicities of several pesticides and
metal s to Mysidopsis bahia and postlarval Penaeus duorarum Environnental
Toxi col ogy and Chemi stry. 13(11): 1867-1872.

Crisinel, A, L. Delaunay, D. Rossel, J. Tarradellas, H Meyer, H Saiah, P.
Vogel, C. Delisle and C. Blaise. 1994. Cyst-based ecotoxicol ogi cal tests using
anostracans: conparison of two species of Streptocephal us. Environ. Toxicol.
Water Qual. 9(4): 317-326.

Currie, RS, DDC.G Mir, WL. Fairchild, MH Holoka and R E. Hecky. 1998.
I nfluence of nutrient additions on cadm um bi oaccunul ati on by aquatic
invertebrates in littoral enclosures. Environ. Toxicol. Chem 17(12): 2435-
2443.

Cusimano, R F., D.F. Brakke and G A. Chapman. 1986. Effects of pH on the
toxicities of cadm um copper, and zinc to steel head trout (Salno gairdneri).
Can. J. Fish. Aquat. Sci. 43: 1497-15083.

D Agostino, A and C. Finney. 1974. The effect of copper and cadm um on the
devel opnent of Tigriopus japonicus. In: F.J. Vernberg and WB. Vernberg
(eds.), Pollution and Physiol ogy of Marine Organi snms. Academ c Press, New
York. p. 445.

D Aniello, A, M Pischetola, F. Vanacore, M De N cola and M Denuce. 1990.
Ef fect of nercury, cadm um and copper on the devel opnent and viability of
Loligo vulgaris and Sepia officinalis enbryos. Ital. J. Biochem 39(2): 130A-
132A (ABS).

162



Dallinger, R, E. Carpene, GJ. Dalla Via and P. Cortesi. 1989. Effects of
cadm um on Miurex trunculus fromthe Adriatic Sea. |. Accumul ation of netal and
binding to a netallothionein-like protein. Arch. Environ. Contam Toxicol. 18:
554-561.

Dallinger, R, M Egg, G Kock and R Hofer. 1997. The role of netall othionein
in cadm um accunul ati on of Arctic char (Salvelinus al pinus) from high al pi ne
| akes. Aquat. Toxicol. 38: 47-66.

Darmono, D. 1990. Uptake of cadmi um and ni ckel in banana prawn (Penaeus
mer gui ensis de Man). Bull. Environ. Contam Toxicol. 45: 320-328.

Darmono, G R W Denton, R S. F. Canpbell. 1990. The pathol ogy of cadm um and
ni ckel toxicity in the banana shrinp (Penaeus mergui ensis de Man). Asian Fish.
Sci. 3(3): 287-297.

Datta, D.K and Sinha. 1987. Estimation of acute toxicity of cadm um a heavy
metal, in a carnivorous freshwater tel eost, Mystus vittatus (Bloch). In: Proc
Indian Natl. Sci. Acad. Part B 53(1): 43-45.

Dave, G, et al. 1981. Toxicity of eight solvent extraction chem cals and of
cadmumto water fleas, Daphnia magna, rainbow trout, Salnmo gairdneri, and
zebrafish, Brachydanio rerio. Conp. Biochem Physiol. 69C 83.

Davies, I.M, et al. 1981. Field and experinmental studies on cadm umin the
edi bl e crab Cancer pagurus. Mar. Biol. 64: 291.

Davies, NA, MG Taylor and K Sinkiss. 1997. The influence of particle
surface characteristics on pollutant netal uptake by cells. Environ. Poll ut.
96(2): 179-184.

Davies, P.H 1976. Use of dialysis tubing in defining the toxic fractions of
heavy netals in natural water. In: RW Andrew, et al. (eds.), Toxicity to
Biota of Metal Forms in Natural Water. International Joint Conm ssion,

W ndsor, Ontario. p. 110.

163



Davies, P.H and WC. CGorman. 1987. Effects of chem cal equilibria and
ki netics on the bioavailability and toxicity of cadmumto rai nbow trout. Am
Chem Soc. Natl. Meeting. 194: 646-650.

Davies, P.H, WC Gorman, C A Carlson and S. F. Brinkman. 1993. Effect of
hardness on bioavailability and toxicity of cadm umto rainbow trout. Chem cal
Speci ation and Bioavailability. 5(2): 67-77.

Davies, RW, R N Singhal and D.D. Wcklum 1995. Changes in reproductive
potential of the | eech Nephel opsis obscura (Erpobdellidae) as bi omarkers for
cadm um stress. Can. J. Zool. 73: 2192-2196.

Dawson, M A., et al. 1977. Physiol ogical response of juvenile striped bass,
Morone saxatilis, to low levels of cadm um and nercury. Chesapeake Sci. 18:
353.

De Conto Cinier, C, M Petit-Ranel, R Faure and D. Garin. 1997. Cadm um
bi oaccunul ation in carp (Cyprinus carpio) tissues during |ong-term high
exposure: analysis by inductively coupled plasma-mnmass spectronetry.

Ecot oxi col ogy and Environnental Safety. 38: 137-143.

De Conto Cinier, C M Petit-Ranel, R Faure and M Bortolato. 1998. Cadm um
accunul ati on and netal | ot hi onei n bi osynthesis in Cyprinus carpio tissues.
Bull. Environ. Contam Toxicol. 61: 793-799.

De Lisle, P.F. and MH Roberts, Jr. 1988. The effect of salinity on cadm um
toxicity to the estuarine nysid Mysidopsis bahia: role of chem cal speciation.
Aquati c Toxicol ogy. 12: 357-370.

De Lisle, P.F. and MH Roberts, Jr. 1994. The effect of salinity on cadm um
toxicity in the estuarine nysid Mysidopsis bahia: roles of osnoregul ati on and
cal cium Marine Environnental Research. 37: 47-62.

De March, B.GE. 1988. Acute toxicity of binary mxtures of five cations

(Cu 2, d 2?9, zZn*, My?*, and K') to the freshwater anphi pod Gammarus | acustris
(Sars): alternative descriptive nodels. Can. J. Fish. Aquat. Sci. 45: 625-633.

164



De Ncola Gudici, M and S M GQGuarino. 1989. Effects of chronic exposure to
cadmi um or copper on ldothea baltica (crustacea, isopoda). Mar. Pollut. Bull.
20(2): 69-73.

De Nicloa Guidici, M and L. Mgliore. 1988. Long termeffect of cadm um of
copper on Asellus aquaticus (L.) (Crustacea, isopoda). Verh.- Int. Ver. Theor.
Angew. Limol. 23: 1660-1662.

De Nicola, M, N Cardellicchio, C Ganbardella, S M Cuarino and C. Marra.
1993. Effects of cadm um on survival, bioaccumrul ation, histopathol ogy, and PGV
pol ymorphismin the marine isopod |Idotea baltica. Ecotoxicol. Mt. Invert.
Proc. Sess. 1993. 1°' Meet.: 103-116.

Debel ak, R W 1975. Acute toxicity of mxtures of copper, chrom um and
cadm um to Daphnia magna. Thesis. Mam University, Oxford, Onio.

Decho, AW and S.N. Luoma. 1994. Humic and fulvic acids: ink or source in the
availability of nmetals to the narine bival ves Macona bal thi ca and
Pot amocor bul a anurensi s? Mar. Ecol. Prog. Ser. 108: 133-145.

DeFilippis, L.F., et al. 1981. The effects of sublethal concentrations of
zinc, cadm um and mercury on Euglena. Il. respiration, photosynthesis and
phot ochem cal activities. Arch. Mcrobiol. 128: 407.

Del Rano, J, J. Diaz-Mayans, A Torreblanca and A Nunez. 1987. Effects of

tenperature on the acute toxicity of heavy netals (Cr, Cd, and Hg) to the
freshwat er crayfish, Procanbarus clarkii (Grard). Bull. Environ. Contam
Toxi col . 38: 736-741.

Denon, A., M De Bruin and H TH. Wbl terbeek. 1988. The influence of pH on
trace el enent uptake by an al ga (Scenedesmus pannoni cus subsp. Berlin) and
fungus (Aureobasi di um pul lul ans). Environ. Mnit. Assess. 10-2: 165-173.

Denon, A., M De Bruin and H TH. Wl terbeek. 1989. The influence of pre-
treatment, tenperature and cal ciumions on trace el ement uptake by an al ga
(Scenedesmus pannoni cus subsp. Berlin) and fungus (Aureobasidi um pul | ul ans).
Environ. Mnit. Assess. 13: 21-33.

165



Den Besten, P.J., HJ. Herwig, D.I. Zandee and P. A. Voogt. 1989. Effects of
cadm um and PCBs on reproduction of the sea star Asterias rubens: aberrations
in the early devel opnent. Ecotoxicol. Environ. Safety. 18(2): 173-180.

Den Besten, P.J., E. G van Donselaar, HJ. Herwig, D.l1. Zandee and P. A Voogt.
1991. Effects of cadm um on ganetogenesis in the sea star Asterias rubens L.
Aquat . Toxicol. 20: 83-94.

Denton, GR W and C. Burdon-Jones. 1981. Influence of tenperature and
salinity on the uptake, distribution, and depuration of nercury, cadm um and
| ead by the black-lip oyster Saccostrea echinata. Mar. Biol. 64: 317.

Denton, GR W and C. Burdon-Jones. 1986. Environnental effects on toxicity of
heavy netals to two species of tropical marine fish fromnorthern Australi a.
Chem Ecol. 2: 233-249.

Department of the Environment. 1973. Water Pollution Research 1972. London.
p. 37.

Devi, M, D.A Thomas, J.T. Barber and M Fingerman. 1996. Accumnul ati on and
physi ol ogi cal and bi ochemi cal effects of cadmiumin a sinple aquatic food
chai n. Ecot oxi col ogy and Envi ronnmental Safety. 33: 38-43.

Devi, V.U 1987. Heavy netal toxicity to fiddler crabs, Uca annuli pes
Latreille and Uca triangularis (MIne Edwards): tol erance to copper, nercury,
cadmum and zinc. Bull. Environ. Contam Toxicol. 39: 1020-1027.

Devi, V.U 1996. Bioaccunul ati on and netabolic effects of cadm um on nari ne
fouling dressinid bivalve, Mtilopsis sallei (Recluz). Arch. Environ. Contam
Toxi col. 31: 47-53.

Devi, V.U and Y.P. Rao. 1989. Cadmi um accurul ation in fiddler crabs Uca
annulipes latelle and Uca triangularis (M| ne Edwards). Water, Air, Soil

Pol | ut. 43: 309-321.

Devi Prasad, P.V. and P.S. Devi Prasad. 1982. Effect of cadm um |I|ead and
ni ckel on three freshwater green algae. Water Air Soil Pollut. 17: 263.

166



Devi neau, J. and C. A Triquet. 1985. Patterns of bioaccumul ation of an
essential trace elenment (zinc) and a pollutant netal (cadmium in |arvae of
t he prawn Pal aenon serratus. Mar. Biol. 86: 139-143.

D Gulio, RT. and R F. Scanlon. 1984. Sublethal effects of cadm umingestion
on mal |l ard ducks. Arch. Environ. Contam Toxicol. 13: 765.

D amond, J.M, D.E. Koplish, J. McMahon Il and R Rost. 1997. Eval uation of
the water-effect ratio procedure for netals in a riverine system
Envi ronnental Toxi col ogy and Chem stry. 16(3): 509-520.

Di ckson, GW, et al. 1982. The effect of chronic cadm um exposure on
phosphoadenyl at e concentrati ons and adenyl ate energy charge of gills and
dorsal nuscle tissue of crayfish. Environ. Toxicol. Chem 1: 147

Dierickx, P.J. and E. Bredael -Rozen. 1996. Correl ation between the in vitro
cytotoxicity of inorganic nmetal compounds to cultured fathead m nnow fish
cells and the toxicity to Daphnia magna. Bull. Environ. Contam Toxicol. 57
107-110.

Dillon, T.M and B.C. Suedel. 1986. The rel ati onship between cadm um

bi oaccunul ati on and survival, growth, and reproduction in the freshwater
crustacean, Daphnia magna. Environ. Contam, 2" Conf., CEP Consult.,

Edi nburgh, U K : 21-23.

Dinnel, P.A, J.M Link, QJ. Stober, MW Letourneau and WE. Roberts. 1989
Conparative sensitivity of sea urchin sperm bi oassays to netal s and
pesticides. Arch. Environ. Contam Toxicol. 18: 748-755.

Dive, D., S. Robert, E. Angrand, C Bel, H Bonnenmain, L. Brun, Y. Denarque,
A. Le Du, R HE Bouhouti, MN Fourmaux, L. Guery, O Hanssens and M Muirat.
1989. A bioassay using the neasurenment of the growth inhibition of a ciliate
pr ot ozoan: Col pi di um canpyl um St okes. Hydrobi ol ogi a. 188/189: 181-188.

D xon, WJ. and M B. Brown, eds. 1979. BMDP Bi onedi cal Conputer Prograns, P-
series. University of California, Berkeley, California. p. 521

167



Donal - Kwi at kowska, D., B. Sosak-Swi derska, U. Mzurek and D. Tyrawska. 1994.
The effect of cadmiumon the survival and filtering rate of Daphnia Magna,
Straus 1820. Pol. Arch. Hydrobiol. 41(4): 465-473.

Dorfman, D. 1977. Tol erance of Fundul us heteroclitus to different netals in
salt waters. Bull. New Jersey Acad. Sci. 22: 21

Dorgelo, J., H Meester and C. van Vel zen. 1995. Effects of diet and heavy
metals on growh rate and fertility in the deposit-feeding snail Potanmopyrgus
jenkinsi (Smth) (gastropoda: hydrobiidae). Hydrobiol. 316: 199-210.

Douben, P.E. T. 1989. Uptake and elimnation of waterborne cadm umby the fish
Noemachei | us barbatulus L. (Stone Loach). Arch. Environ. Contam Toxicol. 18:
576- 586.

Drbal, K, K  Veber and J. Zahradni k. 1985. Toxicity and accumul ati on of
copper and cadm umin the al ga Scenedesmus obliquus LH Bull. Environ. Contam
Toxi col . 34: 904-908.

Dressing, et al. 1982. Effect of chem cal speciation on the accumul ation of
cadm um by the caddi sfly, Hydropsyche sp. Bull. Environ. Contam Toxicol. 28:
172.

Drummond, R A. and D. A Benoit. Manuscript. Toxicity of cadmumto fish: sone
observations on the influence of experinmental procedures. U S. EPA, Duluth,
M nnesot a.

Duncan, D. A and J.F. Kl averkanp. 1983. Tol erance and resistance to cadm umin
white suckers (Catostonmus comersoni) previously exposed to cadm um nmercury,
zinc, or selenium Can. Jour. Fish. Aquat. Sci. 40: 128.

Duquesne, S.J. and J.C. Coll. 1995. Metal accumulation in the clam Tridacna

crocea under natural and experimental conditions. Aquat. Toxicol. 32: 239-253.
Dyer, S.D., S.E. Belanger and GJ. Carr. 1997. An initial evaluation of the

use of Euro/North American fish species for tropical effects assessnents.
Chenosphere. 35(11): 2767-2781

168



Eaton, J.G 1974. Chronic cadmumtoxicity to the bluegill (Lepom s macro-
chirus Rafinesque). Trans. Am Fish. Soc. 4: 729.

Eaton, J.G 1980. Menorandumto C.E Stephan. U S. EPA, Duluth, M nnesota
August 5.

Eaton, J. G, et al. 1978. Metal toxicity to enbryos and | arvae of seven
freshwater fish species-I. cadmum Bull. Environ. Contam Toxicol. 19: 95.

Eisler, R 1971. Cadm um poi soning in Fundul us heteroclitus (Pisces:
Cyprinodonti dae) and other marine organi sms. Jour. Fish. Res. Board Can. 28:
1225.

Eisler, R 1974. Radi o cadm um exchange with seawater by Fundul us heteroclitus
(L.) (Pisces: Cyprinodontidae). Jour. Fish Biol. 6: 601

Eisler, R 1977. Acute toxicities of selected heavy netals to the soft-shel
clam Ma arenaria. Bull. Environ. Contam Toxicol. 17: 137.

Eisler, R 1981. Trace Metal Concentrations in Marine O gani snms. Perganon
Press, New York.

Eisler, R and GR Gardner. 1973. Acute toxicology to an estuarine tel eost of

m xtures of cadm um copper, and zinc salts. Jour. Fish Biol. 5: 131

Eisler, R and R Hennekey. 1977. Acute toxicities of Cd*?, Cr*, Hg*?, N *2, and
Zn*? to estuari ne macrof auna. Arch. Environ. Contam Toxicol. 6: 315.

Eisler, R, et al. 1972. Cadm um uptake by marine organi sns. Jour. Fish. Res.
Board Can. 29: 1367.

Eisler, R, et al. 1979. Fourth annotated bi bliography on biol ogical effects

of metals in aquatic environnents. EPA-600/3-79-084. National Technica
Information Service, Springfield, Virginia.

169



Elliott, NG, R Swain and D.A. Ritz. 1985. The influence of cyclic exposure
on the accumul ation of heavy netals by Mytilus edulis planul atus (Lamarck).
Mar. Environ. Res. 15: 17-30.

Elliott, NG, R Swain and D.A. Ritz. 1986. Metal interaction during
accunul ation by the nussel Mytilus edulis planulatus. Mar. Biol. 395-399

El nabarawy, MT., A N Wlter and R R Robideau. 1986. Rel ative sensitivity of
t hree daphnid species to selected organic and inorganic chem cal s.
Envi ronnental Toxi col ogy and Chemi stry. 5: 393-398.

Engel, D.W 1999. Accumul ation and cytosolic partitioning of metals in the

anerican oyster Crassostrea virginica. Mar. Environ. Res. 47: 89-102.

Enserink, L., W Luttnmer and H Maas-Di epeveen. 1990. Reproductive strategy of
Daphni a magna affects the sensitivity of its progeny in acute toxicity tests.
Aquati c Toxicol ogy. 17: 15-26.

Enserink, E.L., J.L. Maas-Di epeveen and C.J. Van Leeuwen. 1991. Conbi ned
effects of metals; an ecotoxicol ogi cal evaluation. Water Res. 25(6): 679-687.

Enserink, L., M De |la Haye and H Maas. 1993. Reproductive strategy of
Daphni a magna: inplications for chronic toxicity test. Aquatic Toxicol ogy. 25:
111-124.

Errecalde, O M Seidl and P.G C. Canpbell. 1998. Influence of a | ow nol ecul ar
wei ght nmetabolite (citrate) on the toxicity of cadmiumand zinc to the

uni cel lul ar green al ga Sel enastrum capricornutum and exception to the free-
ion nmodel. Water Res. 32(2): 419-429.

Everaarts, J.M 1990. Uptake and rel ease of cadm umin various organs of the
common nussel, Mytilus edulis (L.). Bull. Environ. Contam Toxicol. 45: 560-
567.

Evtushenko, Z.S., N.N Belcheva, O N Lukyanova. 1986. Cadm um accunul ation in

organs of the scall op M zuhopecten yessoensis - |. activities of phosphatases
and conposition and anmount of |ipids. Conp. Biochem Physiol. 83C 371-376.

170



Evtushenko, Z.S., O N Lukyanova, N N. Bel cheva. 1990. Cadm um bi oaccunul ati on
in organs of the scallop M zuhopecten yessoensis. Mar. Biol. 104: 247-250.

Fair, P.A and L.V. Sick. 1983. Accunul ati ons of naphthal ene and cadm um after
si mul t aneous ingestion by the Black Sea Bass, Centropristis striata. Arch
Environ. Contam Toxicol. 12: 551

Faraday. WE. and A.C. Churchill. 1979. Uptake of cadm um by the eel grass
Zostera marina. Mar. Biol. 53: 293.

Farag, A-M, CJ. Boese, D.F. Wodward and H. L. Bergnman. 1994. Physi ol ogi ca
changes and tissue nmetal accumul ation in rai nbow trout exposed to foodborne
and wat erborne netals. Environ. Toxicol. Chem 13(12): 2021-2029.

Farag, AM, D F. Wodward, J.N Goldstein, W Brunbaugh and J.S. Meyer. 1998
Concentrations of metals associated with mning waste in sedinents, biofilm
bent hi ¢ macroi nvertebrates, and fish fromthe Coeur d Al ene River basin,

| daho. Arch. Environ. Contam Toxicol. 34: 19-127.

Fargasova, A. 1993. Effect of five toxic netals on the al ga Scenedesmnus
guadri cauda. Biologia, Bratislava. 48(3): 301-304.

Fargasova, A. 1994a. Toxicity of netals on Daphnia magna and Tubifex tubifex.
Ecot oxi col ogy and Environnental Safety. 27: 210-213.

Fargasova, A. 1994b. Conparative toxicity of five metals on various biologica
subjects. Bull. Environ. Contam Toxicol. 53: 317-324.

Fenni koh, K B., et al. 1978. Cadmiumtoxicity in planktonic organisnms of a
freshwater food web. Environ. Res. 15: 357.

Fer nandez- Leborans, G and MT. Antonio-Garcia. 1988. Effects of |ead and
cadmumin a conmmunity of protozoans. Acta Protozool. 27(2): 141-159.

171



Fer nandez- Leborans, G and A Novillo-Villajos. 1993. Changes in trophic
structure of a freshwater protozoan conmunity subjected to cadm um
Ecot oxi col ogy and Environnental Safety. 25: 271-279.

Fer nandez- Leborans, G and A Novillo. 1996. Toxicity and bi oaccunul ati on of
cadmiumin disthodi scus Leteus. Wat. Res. 30(1): 57-62.

Fernandez-Pinas, F, P. Mateo and |I. Bonilla. 1995. Cadmi umtoxicity in Nostoc
UAM208: protection by cal cium New Phytol. 131: 403-407.

Ferrari, L, A Salibian and C.V. Miino. 1993. Selective protection of
tenperature agai nst cadm um acute toxicity to Bufo arenarum tadpol es. Bull.
Environ. Contam Toxicol. 50: 212-218.

Findlay, D.L., S.E.M Kasian, and E U. Schindler. 1996. Long-termeffects of
| ow cadm um concentrations on a natural phytoplankton community. Can. J. Fish.
Aquat. Sci. 53: 1903-1912.

Finl ayson, B.J. and KM Verrue. 1982. Toxicities of copper, zinc, and cadm um
m xtures to juvenile chinook salnmon. Trans. Am Fish. Soc. 111: 645.

Fisher, N S. and J.G Fabris. 1982. Conplexation of Cu, Zn and Cd by
net abolites excreted frommarine diatons. NMar. Chem 11: 245.

Fisher, NF. and G J. Jones. 1981. Heavy netals and mari ne phytopl ankton:
correlation of toxicity and sul fhydryl -bi nding. Jour. Phycol. 17: 108.

Fisher, N S., J.L. Teyssie, SSW Fow er and WX. Wang. 1996. Accunul ati on and
retention of netals in nussels fromfood and water: a conparison under field
and | aboratory conditions. Environ. Sci. Technol. 30(11): 3232-3242.

Florence, TM, GM Morrison and J.L. Stauber. 1992. Determ nation of trace
el ement speciation and the role of speciation in aquatic toxicity. Sci. Total
Environ. 125: 1-13.

Forbes, V.E 1991. Response of Hydrobia ventrosa (Mntagu) to environnental
stress: effects of salinity fluctuations and cadm um exposure on grow h.

Funet. Ecol. 5(5): 642-648.

172



Forget, J., J.F. Pavillon, MR Menasria and G Bocquene. 1998. Mortality and
LC50 val ues for several stages of the marine copepod Tigriopus brevicornis
(Mul'ler) exposed to the nmetals arsenic and cadm um and the pestici des

atrazi ne, carbofuran, dichlorvos, and nal at hi on. Ecotoxicol. Environ. Safety.
40: 239-244.

Foster, P.L. 1982. Metal resistances of chlorophyta fromrivers polluted by
heavy netals. Freshwater Biol. 12: 41.

Francesconi, D. A 1989. Distribution of cadmumin the pearl oyster, Pinctada
al bi na al bi na (Lamarck), follow ng exposure to cadmumin seawater. Bull.
Environ. Contam Toxicol. 43: 321-328.

Francesconi, K A, E. J. More, J.S. Ednonds. 1994. Cadm um upt ake from
seawat er and food by the western rock | obster Panulirus cygnus. Bull. Environ.
Contam Toxicol. 53: 219-223.

Frank, P.M and P.B. Robertson. 1979. The influence of salinity on toxicity of
cadm um and chromumto the blue crab, Callinectes sapidus. Bull. Environ.
Contam Toxicol. 21: 74.

Frazier, J.M 1979. Bioaccumrul ati on of cadm umin mari ne organi sms. Environ.
Heal th Perspect. 28: 75.

Frazier, J.M and S.G George. 1983. Cadm umkinetics in oyster - a
conparative study of Crassostrea gigas and Ostrea edulis. Mar. Biol. 76: 55.

Freeman, B.J. 1978. Accumul ati on of cadmi um chrom um and |ead by bluegill
sunfish (Lepom s macrochirus Rafinesque) under tenperature and oxygen stress.
SRO 757-6. National Technical Information Service, Springfield, Virginia.

Freeman, B.J. 1980. Accumul ati on of cadmi um chrom um and |ead by bluegill
sunfish (Lepom s macrochirus Rafinesque) under tenperature and oxygen stress.
Thesis. University of Georgia, Athens, Ceorgia.

Gadkari, A.S. and V.B. Marathe. 1983. Toxicity of cadmumand lead to a fish
and a snail fromtwo different habitats. | AWPC Tech. Annual. X 141-148.

173



Gai kwad, S. A 1989. Effects of mxture and three individual heavy netals on
susceptibility of three fresh water fishes. Poll. Res. 8(1): 33-35.

Glic, M, L. Sipos and B. Raspor. 1987. Toxicity of cadm um and
nitrilotriacetic acid in sea water to the photobacteria Vibrio fisheri. Sci
Total Environ. 60: 173-184.

Gargiulo, G, P. De Grolanmo, L. Ferrara, O Soppelsa, G Andreozzi, R
Antonucci and P. Battaglini. 1996. Action of cadmumon the gills of Carassius
auratus L. In the presence of catabolic NH;. Arch. Environ. Contam Toxi col

30: 235-240.

Garofano, J.S. 1979. The effects of cadm umon the peripheral blood and head
ki dney of the brown bull head Ictal urus nebul osus (Lesueur). Thesis. New York
Uni versity.

Gaur, J.P., N Noraho, Y.S. Chauhan. 1994. Rel ati onshi p between heavy net al
accunul ation and toxicity in Spirodela polyrhiza (L.) Schleid. and Azolla
pinnata R Br. Aquat. Bot. 49(2/3): 183-192.

CGentile, J.H and M Johnson. 1982. Menorandumto John H Gentile. U S. EPA
Nar ragansett, Rhode I sl and.

Centile, S.M 1982. Menorandumto John H GCentile. U S. EPA, Narragansett,
Rhode | sl and.

Centile, S.M, et al. 1982. Chronic effects of cadm umon two species of nysid
shrinmp: Msidopsis bahia and Mysi dopsis bigel owi. Hydrobiologia 93: 195

Ceorge, S.G and T.L. Coonbs. 1977. The effects of chelating agents on the
upt ake and accunul ati on of cadmiumby Mtilus edulis. Mar. Biol. 39: 261

Ceorge, S.G, B.J.S. Pirie and J.M Frazier. 1983. Effects of cadm um exposure
on net al - cont ai ni ng anoebocytes of the oyster Ostrea edulis. Mar. Biol. 76:
63- 66.

Gerhardt, A 1992. Acute toxicity of Cd in streaminvertebrates in relation to
pH and test design. Hydrobiol ogia. 239: 93-100.

174



Gerhardt, A 1995. Joint and single toxicity of Cd and Fe related to netal
uptake in the mayfly Leptophl ebia marginata (L.) (lnsecta). Hydrobiol ogi a.
306: 229-240.

Ghosh, AR and P. Chakrabarti. 1990. Toxicity of arsenic and cadmumto a
freshwater fish. Environ. Ecol. 8(2): 576-579.

Ghosh, T.K., J.P. Kotangale and K P. Krishnamoorthi. 1990. Toxicity of
selective netals to freshwater algae, ciliated protozoa and pl anktonic
crustaceans. Environnental and Ecol ogy. 8(1):356-360.]

Gesy, J.P., Jr. 1978. Cadmiuminhibition of |eaf deconposition in an aquatic
m crocosm Chenosphere 6: 467.

Gesy, J.P., Jr., et al. 1977. Effects of naturally occurring aquatic organic
fractions on cadm umtoxicity to Sinocephalus serrul atus (Daphni dae) and
Ganbusia affinis (Poeciliidae). Water Res. 11: 1013.

Gesy, J.P., Jr., et al. 1979. Fate and biol ogical effects of cadm um
i ntroduced i nto channel mcrocosnms. EPA-600/3-79-039. National Technica
Information Service, Springfield, Virginia.

Gles, MA 1988. Accunul ation of cadm um by rai nbow trout, Sal no gairdneri
during extended exposure. Can. J. Fish. Aquat. Sci. 45: 1045-1053.

Gll, T.S. and A Epple. 1992. Inpact of cadm um on the numm chog Fundul us
heteroclitus and the role of calciumin suppressing heavy netal toxicity.
Conp. Biochem Physiol. 101C(3): 519-523.

Gllespie, R, et al. 1977. Cadm um uptake by the crayfish, O conectes
propi nquus propinquus (Grard). Environ. Res. 13: 364.

A ubokov, A 1. 1990. G owh of three species of fish during early ontogeny
under normal and toxic conditions. Voprosy lkhtiologii. 30(1): 137-143.

dynn, AW 1996. The concentration dependency of branchial intracellular
cadmiumdi stribution and influx in the zebrafish (Brachydanio rerio). Aquat.
Toxi col . 35: 47-58.

175



Adynn, AW, C Haux and C. Hogstrand. 1992. Chronic toxicity and nmetabolism
of Cd and Zn in juvenile m nnows (Phoxinus phoxi nus) exposed to a Cd and Zn
m xture. Can. J. Fish. Aquat. Sci. 49: 2070-2079.

A@ynn, AW, L. Norrgren, A. Missener. 1994. Differences in uptake of
i norganic nercury and cadmumin the gills of the zebrafish, Brachydanio

rerio. Aquatic Toxicol. 30: 13-26.

Gonot, A 1997. Dose-Dependent effects of cadmi umon the growmh of snails in
toxicity bioassays. Arch. Environ. Contam Toxicol. 33: 209-216.

Gonmot, A 1998. Toxic effects of cadm um on reproduction, devel opnent, and
hatching in the freshwater snail Lymaea stagnalis for water quality
nmoni toring. Ecotoxicol. Environ. Safety. 41: 288-297.

Gopal, V. and KM Devi. 1991. Influence of nutritional status on the nedian
tolerance limts (LC50) of Ophiocephalus striatus for certain heavy netal and
pesticide toxicants. Indian. J. Environ. Health. 33: 393-394.

Gordon, M, et al. 1980. Mytilus californianus as a bioindicator of trace
metal pollution: variability and statistical considerations. Mar. Pollut.
Bul I . 11: 195.

Gorman, WC. Jr. and R K Skogerboe. 1987. Speciation of cadm umin natural
waters and their effect on rainbow trout. Preprint extended abstract,
presented before the Division of Environ. Chem, Am Chem Soc. , Aug. 30 -
Sept. 4, 1987. New Ol eans, La: 664-645.

Cossiaux, D.C., P.F. Landrumand V.N Tsynbal. 1992. Response of the anphi pod
Di poreia spp. To various stressors: cadmum salinity, and tenperature. J.
Great Lakes Res. 18(3): 364-371

CGottofrey, J. and H Tjalve. 1991. Axonal transport of cadmiumin the
ol factory nerve of the pike. Pharmacol. Toxicol. 19: 242-252.

CGottofrey, J., |I. Bjorklund and H Tjalve. 1986. Effect of sodium
i sopropyl xant hat e, potassi um anyl xant hat e and sodi um di et hyl di t hi ocar bamat e or

176



t he uptake and distribution of cadmumin the brow trout (Salnmo trutta).
Aquat. Toxicol. 12: 171-184.

Gould, E. and J. Karolus. 1974. Physi ol ogi cal response of the cunner,
Taut ogol abrus adspersus, to cadm um Cbservations on the biochem stry. NOAA
Techni cal Report SSRF-681, Part V.

Gould, E., et al. 1976. Heart transaninase in the rock crab, Cancer irroratus,
exposed to cadm umsalts. Bull. Environ. Contam Toxicol. 15: 635.

Govi ndarajan, S., C.P. Valsaraj, R Mdhan, V. Hariprasad and R

Ramasubr amani an. 1993. Toxicity of heavy netals in aquacul ture organi sns:
Penaeus indicus, Perna viridis, Artem a salina and Skel et onema costatum
Pol lut. Res. 12(3): 187-189.

Graney, R L., Jr., et al. 1983. Heavy netal indicator potential of the Asiatic
clam (Corbicula flumnea) in artificial streamsystens. Hydrobiol ogia 102: 81.

Graney, RL., Jr., D.S. Cherry and J. Cairns Jr. 1984. The influence of
substrate, pH, diet and tenperature upon cadm um accunul ation in the asiatic
clam (Corbicula flumnea) in |laboratory artificial streans. Water Res. 18:
833- 842.

Geen, AS., GT. Chandler and E.R Blood. 1993. Aqueous-, pore-water-, and
sedi ment - phase cadmum toxicity relationships for a neiobenthic copepod.
Envi ronnent al Toxi col ogy and Chem stry. 12: 1497-1506.

Geen, DWJ., KA WIIlians and D. Pascoe. 1986. The acute and chronic
toxicity of cadmumto different |life history stages of the freshwater
crustacean Asellus aquaticus (L). Arch. Environ. Contam Toxicol. 15(5): 465-
471.

Geenwood, J.G and D.R Fielder. 1983. Acute toxicity of zinc and cadmumto
zoeae of three species of portnid crabs (Crustacea: Brachyura). Conp. Bi ochem
Physiol . 75C. 141.

Geig, RA 1979. Trace netal uptake by three species of nollusks. Bull.
Environ. Contam Toxicol. 22: 643.

177



Geig, RA and DR Wnzloff. 1978. Metal accumul ati on and depuration by the
anerican oyster, Crassostrea virginica. Bull. Environ. Contam Toxicol. 20
499.

@Quanzon, N.G, Jr., H Nakahara and Y. Yoshida. 1994. Inhibitory effects of
heavy netals on grow h and photosynthesis of three freshwater n croal gae.
Fish. Sci. 60(4): 379-384.

@Querin, J.L. and WB. Stickle. 1995. Effects of cadm um on survival
osnoregul atory ability and bi oenergetics of juvenile blue crabs Callinectes
sapidus at different salinities. Marine Environnental Research. 40(3): 227-
246.

GQuerin, C., N Gani and M Sire. 1994. A study of the sensitivity of
Enchytraeus variatus (A igochaeta, Enchytraeidae) to certain salts of heavy
metals in relation to its use as a test organism Ann. Limmol. 30(3): 167-178.

@il hermno, L., MC. Lopes, A P. Carvalho and AMV.M Soares. 1996.
I nhibition of acetylcholinesterase activity as effect criterion in acute tests
wi th juvenil e Daphnia magna. Chenpsphere. 32(4): 727-738.

@il hermno, L., T.C Diamantino, R R beiro, F. Goncalves and AMV. M
Soares. 1997. Suitability of test media containing EDTA for the eval uation of
acute netal toxicity to Daphnia magna Straus. Ecotoxicol ogy and Environnent a
Safety. 38: 292-295.

Qully, J.R and A Z Mson. 1993. Cytosolic redistribution and enhanced
accunul ation of Cu in gill tissue of Littorina littorea as a result of Cd
exposure. Mar. Environ. Res. 35: 53-57.

Qupta, A K and V.K Rajbanshi. 1991. Toxicity of copper and cadmi umto
Het er opneustes fossilis (Bloch) Acta Hydrochim Hydrobiol. 19(3): 331-340.

Qupta, M and S. Devi. 1995. Uptake and toxicity of cadmumin aquatic ferns.
J. Environ. Biol. 16(2): 131-136.

178



Qupta, M, S. Devi and J. Singh. 1992. Effects of |long-terml| ow dose exposure
to cadmiumduring the entire life cycle of Ceratopteris thalictroides, a water
fern. Arch. Environ. Contam Toxicol. 23(2): 184-189

Hader, D.P., M Lebert, H Tahedl and P. Richter. 1997. The Erl anger
flagellate test (EFT): photosynthetic flagellates in biological dosineters. J.
Phot ochem Photobiol, B: Biol. 40: 23-28

Hai nes, T.A. and WG Brumaugh. 1994. Metal concentration in the gill,
gastrointestinal tract, and carcass of white suckers (Catostonmus conmersoni)
inrelation to | ake acidity. Water, Air, Soil Pollut. 73: 265-274.

Hale, J.G 1977. Toxicity of metal mning wastes. Bull. Environ. Contam
Toxi col. 17: 66.

Hall, L.W, Jr., L.O Horseman and S. Zeger. 1984. Effects of organic and

i norgani ¢ chenical contam nants on fertilization, hatching success, and

prol arval survival of striped bass. Arch. Environ. Contam Toxicol. 13: 723-
729.

Hall, WS., RL. Paulson, L.W Hall, Jr. and D.T. Burton. 1986. Acute toxicity
of cadm um and sodi um pent achl or ophenate to daphnids and fish. Bull. Environ
Contam Toxicol. 37: 308-316.

Hall, L.W, Jr., WS. Hall, S.J. Bushong and R L. Herman. 1987. In situ
striped bass (Mrone saxatilis) contam nant and water quality studies in the
Pot omac River. Aquat. Toxicol. 19: 73-99.

Hall, L.W, Jr., S.J. Bushong, MC Zegenfuss, WS. Hall and R L. Herman
1988. Concurrent nobile on-site and in situ striped bass contam nant and water
quality studies in the Choptank River and upper Chesapeake Bay. Environ

Toxi col. Chem 7: 815-830.

Hall. L.W, Jr., MC. Zegenfuss, R D Anderson and B.L. Lewis. 1995. The

effect of salinity on the acute toxicity of total and free cadmumto a
Chesapeake Bay copepod and fish. Mar. Pollut. Bull. 30(6): 376-384.

179



Ham L., R Qinn and D. Pascoe. 1995. Effects of cadm um on the predator-prey
i nteraction between the Turbellarian Dendrocoel um |l acteum (Miller, 1774) and

t he i sopod crustacean Asellus aquaticus (L.). Arch. Environ. Contam Toxi col
29: 358-365.

Ham lton, S.J. and K. J. Buhl. 1990. Safety assessnent of selected inorganic
elements to fry of chinook sal non (Oncorhynchus tshawtscha). Ecotoxicol ogy
and Environnmental Safety. 20: 307-324.

Handy, R D. 1993. The effect of acute exposure to dietary Cd and Cu organ
t oxi cant concentrations in rainbow trout, Oncorhynchus nykiss. Aquat. Toxi col
27: 1-14.

Hansen, 1.V., J.M Weks and M H. Depl edge. 1995 Accumul ati on of copper, zinc,
cadm um and chrom um by the mari ne sponge Halichondria panicea Pallas and the
i nmplications for biononitoring. Mar. Pollut. Bull. 31(3-1): 133-138.

Hansten, C., M Heino and K Pynnonen. 1996. Viability of glochidia of
Anodont a anatina (Uni oni dae) exposed to selected netals and chel ati ng agents.
Aquat. Toxicol. 34: 1-12.

Hardy, J.K. and D.H O Keeffe. 1985. Cadm um uptake by the water hyacinth
effects of root mass, solution volune, conplexers and other netal ions.
Chenosphere. 14(5): 417-426.

Hardy, J.K and N B. Raber. 1985. Zinc uptake by the water hyacinth: effect of
solution factors. Chenosphere. 14(9): 1155-1166.

Hare, L. 1992. Aquatic insects and trace netal s: bioavailability,
bi oaccunul ation, and toxicity. Critic. Rev. Toxicol. 22(5/6): 327-369.

Hare, L, E. Saouter, P.G C Canpbell, A Tessier, F. R beyre and A Boudou
1991. Dynamics of cadmium |ead, and zinc exchange between nynphs of the
burrowi ng mayfly Hexageni a rigida (Epheneroptera) and the environnent. Can. J.
Fish. Aquat. Sci. 48: 39-47.

180



Hare, L., R Carignan and MA. Huerta-Diaz. 1994. A field study of netal
toxicity and accunul ati on by benthic invertebrates; inplications for the acid-
vol atile sulfide (AVS) nodel. Limol. Cceanogr. 39(7): 1653-1668.

Haritonidis, S., J.W R jstenbil, P. Malea, J. van Drie and J. AL Wj nhol ds.
1994. Trace netal interactions in the macroal ga Ent eronorpha prolifera (O F.
Muller) J. Ag., grown in water of the Schel dt estuary (Bel giumand SW

Net herl ands), in response to cadm um exposure. BioMetals. 7: 61-66.

Harrison, S.E. and J.F. Kl averkanp. 1989. Uptake, elimnation and tissue
distribution of dietary and aqueous cadm um by rai nbow trout (Sal mo gairdneri
Ri chardson) and | ake whitefish (Coregonus clupeaforms Mtchell).

Envi ronnent al Toxi col ogy and Chem stry. 8: 87-97.

Hart, B.A and B.D. Schaife. 1977. Toxicity and bi oaccunul ati on of cadm umin

Chl orel I a pyrenoi dosa. Environ. Res. 14: 401.

Hartwell, S.I1. 1997. Denonstration of a toxicological risk ranking nethod to
correl ate nmeasures of ambient toxicity and fish comunity diversity. Environ.
Toxi col . Chem 16(2): 361-371.

Harvey, R W and S.N. Luoma. 1985. Separation of solute and particul ate
vectors of heavy netal uptake in controlled suspension-feedi ng experinments
wi th Macoma bal t hi ca. Hydrobiol ogia. 21: 97-102.

Hashim MA., KH Chu, SSM Phang and G S. Ong. 1997. Adsorption equilibria
of cadm um on al gal biomass. Adsorpt. Sci. Technol. 15(6): 445-453.

Hat akeyama, S. 1987. Chronic effects of Cd on reproduction of Polypedilum

nubi fer (chironom dae) through water and food. Environ. Pollut. 48: 249-261.

Hat akeyama, S. and M Yasuno. 198l1a. The effects of cadm um accumul at ed
chlorella on the reproducti on of Mina macrocopa (C adocera). Ecotoxicol.
Environ. Safety 5: 341.

Hat akeyama, S. and M Yasuno. 1981b. Effects of cadmi umon the periodicity of

parturati on and brook size of Mina nacrocopa (C adocera). Environ. Poll ut.
(Series A) 26: 111.

181



Haynes, GJ., A J. Stewart and B.C. Harvey. 1989. Gender-dependent problens in
toxicity tests with Ceri odaphnia dubia. Bull. Environ. Contam Toxicol. 43:
271-279.

Hazen, R E. and T.J. Kneip. 1980. Bi ogeochemi cal cycling of cadmumin a nmarsh
ecosystem In: J.O Nriagu (ed.), Cadmumin the Environnent, Part |I. WIey,
New York. p. 399.

Heinis, F., KR Timernmans and WR Swain. 1990. Short-term subl ethal effects
of cadmumon the filter feeding chironom d | arva d yptotendi pes pallens
(Meigen) (Diptera). Aquatic Toxicol ogy. 16: 73-86.

Hendri ks, J.A. 1995. Modelling equilibriumconcentrations of mcrocontam nants
in organi sns of the Rhine delta: Can average field residues in the aquatic
foodchai n be predicted fromlaboratory accunul ati on? Aquat. Toxicol. 31: 1-25.

Herkovits, J. and C. S. Perez-Coll. 1993. Stage-dependent susceptibility of
Buf o arenarum enbryos to cadm um Bull. Environ. Contam Toxicol. 50: 608-611

Herkovits, J. and C S. Perez-Coll. 1995. Increased resistance agai nst cadm um
toxicity by means of pretreatnent with | ow cadm um zi nc concentrations in Bufo
arenarum enbryos. Biol. Trace Elem Res. 49: 171-175

Herkovits, J., P. Cardellini, C Pavanati and C.S. Perez-Coll. 1997.
Susceptibility of early life stages of Xenopus |laevis to cadm um
Envi ronnental Toxi col ogy and Chem stry. 16(2): 312-316.

Herkovits, J., P. Cardellini, C Pavanati and C.S. Perez-Coll. 1998. Cadmi um
upt ake and bi oaccunul ation in Xenopus | aevis enbryos at different
devel opnent al stages. Ecotoxicol ogy and Environmental Safety. 39: 21-26.

Herwig, HJ., F. Brands, E. Kruitwagen and D.l. Zandee. 1989. Bi oaccumul ati on
and hi stochenical |ocalization of cadmi umin Drei ssena pol ynorpha exposed to

cadm um chl ori de. Aquat. Toxicol. 15: 269-286.

Heumann, H. G 1987. Effects of heavy nmetals on growh and ultrastructure of
Chara vulgaris. Protoplasma. 136: 37-48.

182



H ckey, CW and WH. Cdenents. 1998. Effects of heavy nmetals on benthic
macr oi nvertebrate conmunities in New Zeal and streans. Environ. Toxicol. Chem
17(11): 2338-2346.

H ckey, CW and ML. Martin. 1995. Relative sensitivity of five benthic
i nvertebrate species to reference toxicants and resin-acid contanmn nated
sedi ments. Environ. Toxicol. Chem 14(8): 1401-1409.

H ckey, C W and D.S. Roper. 1992. Acute toxicity of cadmumto tw species of
i nfaunal marine anphi pods (tube-dwelling and burrow ng) from New Zeal and.
Bull. Environ. Contam Toxicol. 49: 165-170.

H ckey, CW and ML. Vickers. 1992. Conparison of the sensitivity to heavy
nmet al s and pent achl orophenol of the mayflies Del eatidiumspp. and the

cl adoceran Daphni a magna. New Zeal and Journal of Marine and Freshwat er
Research. 26: 87-93

Hlmy, A M, MB. Shabana and A Y. Daabees. 1985. Bi oaccunul ati on of cadm um
toxicity in Miugil cephalus. Conp. Biochem Physiol. 81(1): 139-143.

H raoka, Y. 1985. Acute toxicity of 14 different kinds of netals affecting
medaka (Oryzias latipes) fry. Hroshima J. Med. Sci. 34: 327-30.

Hockett, J. Rand D.R Munt. 1996. Use of nmetal chelating agents to
differentiate anong sources of acute aquatic toxicity. Environ. Toxicol. Chem
15: 1687-1693.

Hof sl agare, O, G Sanuel sson and S. §joberg. 1985. Cadmi um effects on
phot osynthesis and nitrate assinilation in Scenedesmus obliquus. A
potentionmetric study in an open CO-system Environ. Exp. Bot. 25(1): 75-82.

Hogstrand, C., L. Goran and C. Haux. 1991. The inportance of netall othionein
for the accumul ati on of copper, zinc and cadmiumin environnentally exposed
perch, Perca fluviatilis. Pharmacol. Toxicol. 68: 492-501

Hol conbe, G W, et al. 1983. Toxicity of selected priority pollutants to

various aquatic organi sms. Ecotoxicol. Environ. Safety 7: 400.

183



Hol conbe, G W, et al. 1984. Methods for conducting snail (Aplexa hypnorun)
enbryo t hrough adult exposures: effects of cadm um and reduced pH | evels.
Arch. Environ. Contam Toxicol. 13: 627.

Hol I i baugh, D.L., et al. 1980. A conparison of the acute toxicities of ten
heavy netals to the plankton from Sasnick Inlet, B.C, Canada. Estuarine
Coastal Mar. Sci. 10: 93.

Hollis, L, K Burnison and R C. Playle. 1996. Does the age of netal-dissolved
organi c carbon conpl exes influence binding of netals to fish gills? Aquat.
Toxi col . 35: 253-264.

Hollis, L., L. Miench and R C. Playle. 1997. Influence of dissolved organic
matter on copper binding, and cal ciumon cadm um bi nding, by gills of rainbow
trout. J. Fish Biol. 50: 703-720.

Hong, J.S. and D.J. Reish. 1987. Acute toxicity of cadm umto eight species of
mar i ne anphi pod and i sopod crustaceans from southern California. Bull.
Environ. Contam Toxicol. 39: 884-888.

Hooten, R L. and R S. Carr. 1997. Devel opnent and application of a marine
sedi ment pore-water toxicity test using Uva fasciata zoospores. Environ
Toxi col. Chem 17(5): 932-940.

Hornstrom E. 1990. Toxicity test with al gae - a discussion on the batch
met hod. Ecotoxicol. Environ. Safety. 20: 343-353.

Hu, S., CH Tang and M W. 1996. Cadmi um accunul ati on by several seaweeds.
Sci. Total Environ. 187: 65-71.

Huebert, D.B. and J.M Shay. 1991. The effect of cadmiumand its interaction
with external calciumin the subnmerged aquatic nmacrophyte Lemma trisulca L.
Aquat . Toxicol. 20: 57-72.

Huebert, D.B. and J.M Shay. 1992. Zinc toxicity and its interaction with

cadmumin the submerged aquatic macrophyte Lemma trisulca L. Environ
Toxi col. Chem 11: 715-720

184



Huebert, D.B. and J.M Shay. 1993. The response of Lema trisulca L. To
cadm um Environ. Pollut. 80: 247-253.

Huebert, D.B., B.S. Dyck and J.M Shay. 1993. The effect of EDTA on the
assessnment of Cu toxicity in the submerged aquatic macrophyte, Lema trisulca
L. Aquat. Toxicol. 24: 183-194.

Huebner, J.D. and K S. Pynnonen. 1992. Viability of glochidia of two species
of Anodonta exposed to | ow pH and selected netals. Can. J. Zool. 70: 2348-
2355.

Hughes, G M, et al. 1979. A norphonetric study of effects of nickel, chrom um
and cadmi um on the secondary |amellae of rainbowtrout gills. Water Res. 13:
665.

Hughes, J.S. 1973. Acute toxicity to thirty chemcals to striped bass (Mrone
saxatilis). Western Assoc. State Gane Fish Conm, Salt Lake City, Utah. July.

Hung, Y. 1982. Effects of tenperature and chel ati ng agents on cadni um upt ake
in the Arerican oyster. Bull. Environ. Contam Toxicol. 28: 546.

Husaini, Y., A K Singh and L.C. Rai. 1991. Cadmiumtoxicity to photosynthesis
and associ ated el ectron transport system of Nostoc linckia. Bull. Environ
Contam Toxicol. 46: 146-150.

Hut cheson, M'S. 1975. The effects of tenperature and salinity on cadm um
upt ake by the blue crab, Callinectes sapidus. Chesapeake Sci. 15: 237.

Hut chi nson, T.C. and H Czyrska. 1972. Cadmi um and zinc toxicity and synergism
to floating aquatic plants. In: Water Pollution Research in Canada 1972.

Proc. 7" Canadian Synp. Water Pollut. Res., Inst. Environ. Sci. Eng. Publ

No. EI-3. p. 59.

Hut chi nson, T.C. and P.M Stokes. 1975. Heavy netal toxicity and al ga

bi oassays. In: S. Barabos (ed.), Water Quality Paraneters. ASTM STP 573.
American Society for Testing and Materials, Philadel phia, Pennsylvania. p.
320.

185



Hut chinson, T.H, T.D. Wlliams and G J. Eales. 1994. Toxicity of cadm um
hexaval ent chrom um and copper to marine fish |arvae (Cyprinodon vari egat us)
and copepods (Tisbe battagliai). Marine Environmental Research. 38: 275-290.

Hutton, M 1983. Sources of cadmiumin the environnent. Ecotoxicol. Environ
Saf. 7: 9-24.

Hvang, P.P., SSW Lin and H C Lin. 1995 Different sensitivities to cadm um
in Tilapia |larvae (O eochrom s nossanbi cus; Teleostei). Arch. Environ
Contam Toxicol. 29:1-7.

Hylland, K., M Skold, J.S. Gunnarsson and J. Skei. 1997. Interactions between
eut rophi cation and contam nants. 1V. Effects on sedi ment-dwelling organi smns.
Mar. Pollut. Bull. 33(1-6): 90-99

Iftode, F, J.J. Curgy, A Fleury and G Fryd-Versavel. 1985. Action of a heavy
ion, Cd2+, and the antagonistic effect of Ca2+, on two ciliates Tetrahynena
pyriform s and Eupl otes vannus. Acta Protozool. 24(3-4): 273-279.

| kuta, K. 1987. Cadmi um accumrul ation by a top shell Batillus cornutus. N ppon
Sui san Gakkai shi. 53(7): 1237-1242.

Il angovan, K, R O Canizares-Villanueva, S. Gonzal ez Moreno and D. Voltolina.
1998. Effect of cadm um and zinc on respiration and photosynthesis in
suspended and i mmobilized cultures of Chlorella vulgaris and Scenedesnus
acutus. Bull. Environ. Contam Toxicol. 60: 936-943.

Ingersoll, C G and N Kenble. 2000. Unpublished. Methods devel opnent for
| ong-term sedinment toxicity tests with the anphi pod Hyal ella azteca and the

m dge Chi ronomnus tentans.

Ingersoll, CG and RW Wnner. 1982. Effect on Daphnia pulex (De Ceer) of
dai ly pul se exposures to copper or cadm um Environ. Toxicol. Chem 1: 321

Inza, B., F. Ribeyre and A Boudou. 1998. Dynanics of cadm um and nercury
conmpounds (inorganic mercury or methylnercury): uptake and depuration in

186



Corbicula flum nea. Effects of tenperature and pH. Aquat. Toxicol. 43: 273-285.

Irato, P. and Piccinni, E 1996. Effects of cadm um and copper on Astasia

| onga: netal uptake and gl utathione |evels. Acta Protozool. 35: 281-285.

Issa, A A, R Abdel-Basset and MS. Adam 1995. Abolition of heavy netal
toxicity on Kirchneriella lunaris (Chlorophyta) by calcium Ann. Bot. 75: 189-
192.

Jak, R G, J.L. Maas and M C Th. Scholten. 1996. Evaluation of |aboratory
derived toxic effect concentrations of a mxture of nmetals by testing fresh
wat er plankton comunities in enclosure. Water Res. 30(5): 1215-1227.

Jana, S. and S.S. Sahana. 1988. Effects of copper, cadm um and chrom um
cations on the freshwater fish Carias batrachus L. Physiol. Bohenosl ov.
37(1): 79-82.

Jana, S. and S.S. Sahana. 1989. Sensitivity of the freshwater fishes Carias
bat rachus and Anabas testudi neus to heavy netals. Environ. Ecol. 7(2): 265-
270.

Janssen, C R and G Persoone. 1993. Rapid toxicity screening tests for
aquatic biota. |I. Methodol ogy and experinents w th Daphnia magna. Environ.
Toxi col. Chem 12:711-717.

Janssen, H. H and N. Scholz. 1979. Uptake and cellular distribution of cadm um
in Mtilus edulis. Mar. Biol. 55: 133.

Janssen, MP.M, C. Qosterhoff, GJ.S.M Heijmans, H Van der Voet. 1995. The
toxicity of metal salts and the population growh of the G liate Col poda
cucculus. Bull. Environ. Contam Toxicol. 54: 597-605.

Janssens de Bisthoven, L.G, KR Timerans and F. Olevier. 1992. The
concentration of cadmium |ead, copper and zinc in Chirononus gr. thunm

| arvae (Diptera, chironom dae) wi th deforned versus normal nmenta. Hydrobiol.
239: 141-149.

Jaworska, M A. CGorczyca, J. Sepiol and P. Tonasi k. 1997. Effect of metal ions
on the entonopat hogeni ¢ nemat ode Heterorhabditis bacteriophora poi nar

187



(Nemat oda: Het erohabdi ti dae) under |aboratory conditions. Water, Air, Soi
Pol lut. 93: 157-166.

Jenkins, K D and A Z Mason. 1988. Rel ationshi ps between subcel | ul ar
di stributions of cadm um and perturbations in reproduction in the polychaete
Neant hes arenaceodentata. Aquat. Toxicol. 12: 229-244.

Jenkins, K D. and B.M Sanders. 1986. Rel ationships between free cadm umion
activity in seawater, cadm um accurul ati on and subcel | ul ar di stibution, and
growm h in polychaetes. Environ. Health Perspect. 65: 205-210.

Jenner, H A and J.P.M Janssen-nomren. 1993. Duckweed Lemma minor as a too
for testing toxicity of coal residues and polluted sedinments. Arch. Environ
Contam Toxicol. 25: 3-11

Jennings, J.R and P.S. Rainbow 1979a. Studies on the uptake of cadm um by
the crab Carcinus maenas in the |aboratory. |I. Accumul ation from seawater and
a food source. Mar. Biol. 50: 131

Jennings, J.R and P.S. Rainbow 1979b. Accumul ati on of cadm um by Dunaliella

tertiolecta Butcher. Jour. Plankton Res. 1: 67.

Jindal, R and A Verma. 1990. Heavy netal toxicity to Daphnia pul ex. |Indian
J. Environ. Hth. 32(3): 289-292.

John, J., E.T. Gessing, M Gande and B. Sal bu. 1987. Influence of aquatic
hunmus and pH on the uptake and depuration of cadmum by the atlantic sal non
(Salmp salar L.). Sci. Total Environ. 62: 253-265.

Johns, D.M and D.C. MIller. 1982. The use of bioenergetics to investigate the
mechani snms of pollutant toxicity in crustacean larvae. In: WB. Vernberg, et
al . (eds.), Physiological Mechanisnms of Marine Pollutant Toxicity. Acadenic
Press, New York. p. 261

Johnson, M and J. Gentile. 1979. Acute toxicity of cadm um copper, and

mercury to larval American |obster (Homarus americanus). Bull. Environ
Contam Toxicol. 22: 258.

188



Jones, M B. 1975. Synergistic effects of salinity, tenperature and heavy
metals on nortality and osnoregul ation in marine and estuarine i sopods
(Crustacea). Mar. Biol. 30: 13.

Jonnal agadda, S.B. and P.V.V.P. Rao. 1993. Toxicity, bioavailability and netal
speci ati on. Conp. Biochem Physiol. 106C(3): 585-595.

Jop, KM 1991. Concentration of metals in various |arval stages of four
Epherer optera species. Bull. Environ. Contam Toxicol. 46: 901-905

Jop, KM, A M Askew and R B. Foster. 1995. Devel oprent of a water-effect
ratio for copper, cadmum and |lead for the Great Works River in Miine using
Ceri odaphni a dubia and Sal velinus fontinalis. Bull. Environ. Contam Toxi col
54: 29-33.

Juchel ka, CM and T.W Snell. 1994. Rapid toxicity assessnent using rotifer
i ngestion rate. Arch. Environ. Contam Toxicol. 26: 549-554.

Jude, D.J. 1973. Sublethal effects of amonia and cadm um on growt h of green
sunfish. Ph.D. Thesis. Mchigan State University.

Kapl an, D, Y.M Heinmer, A Abeliovich, P.B. CGoldsbrough. 1995. Cadm umtoxicity
and resistance in Chlorella sp. Plant Sci. 109: 129-137.

Karl sson-Norrgren, L. And P. Runn. 1985. Cadm um dynamics in fish: pul se
studies with °°Cd in fenal e zebrafish, Brachydanio rerio. J. Fish Biol. 27:
571-581.

Kapur, K. and N A Yadav. 1982. The effects of certain heavy netal salts on
t he devel opnent of eggs in common carp, Cyprinus carpio var. communis. Acta
Hydrochi m Hydrobiol. 10: 517.

Karez, C.S., S. Bonotto and S. Pui seux-Dao. 1989. Response of the unicellular

gi ant al ga Acetabul ari a acetabul umto cadm umtoxicity and accumul ati on
Toxi col ogi cal and Environmental Chemistry. 19: 223-232.

189



Kasuga, S. 1980. Sexual Differences of nedaka, Oryzias latipes in the acute
toxicity test of cadmum Bull. Jap. Soc. Sci. Fish. 46(9): 1073-1076.

Katti, S.R and A .G Sathyanesan. 1985. Chronic effects of |ead and cadm um on
the testis of the catfish Carias batrachus. Environ. Ecol. 3(4): 596-598.

Kay, J., D.G Thomas, MW Brown, A Cryer, D. Shurben, J.F. deL.G Sol be and
J.S. Garvey. 1986. Cadmi um accurul ati on and protein binding patterns in

ti ssues of the rainbow trout, Salno gairdneri. Environ. Health Perspect. 65:
133-139.

Keduo, C. L. Yunei and H Lanying. 1987. Effects os six heavy netals on
hat chi ng eggs and survival of larval of marine fish. Cceanol. Linol. Sin.
(Hai yang Yu Huzhao). 18(2): 138-144.

Keenan, S. and M A Alikhan. 1991. Conparative study of cadm um and | ead
accunul ati ons in Canbarus bartoni (Fab.) (Decapoda, crustacea) froman acidic
and a neutral |ake. Bull. Environ. Contam Toxicol. 47: 91-96.

Keller, AAE and S.G Zam 1991. The acute toxicity of selected nmetals to the
freshwater nussel, Anodonta inbecilis. Environ. Toxicol. Chem 10: 539-546.
Kelly, MG and B.A Witton. 1989. Interspecific differences in Zn, Cd and Pb

accunul ation by freshwater al gae and bryophytes. Hydrobiol. 17: 1-11

Kerfoot, WB. and S. A Jacobs. 1976. Cadnmi um accrual in conbi ned wast e-
treat ment aquaculture system Environ. Sci. Technol. 10: 662.

Kessler, E. 1985. An extrenely cadm umsensitive strain of Chlorella.
Experientia. 41: 1621.

Kessler, E. 1986. Limts of growh of five Chlorella species in the presence
of toxic heavy netals. Arch. Hydrobiol. 71(1): 123-128.

Kettle, WD. and F. deNoyelles, Jr. 1986. Effects of cadm um stress on the

pl ankt on communities of experinmental ponds. Journal of Freshwater Ecol ogy.
3(4): 433-443.

190



Khan, A T. and J.S. Weis. 1993. Bioaccunul ati on of heavy netals in two
popul ati ons of numm chog (Fundul us heteroclitus). Bull. Environ. Contam
Toxi col. 51: 1-5.

Khan, A T., J.S. Wis and L. D Andrea. 1988. Studies of cadm umtol erance in
two popul ati ons of grass shrinp, Pal aenonetes pugio. Bull. Environ. Contam
Toxi col . 40: 30-34.

Khan, A T., J.S. Wis and L. D Andrea. 1989. Bi oaccunul ation of four heavy
metals in tow popul ati ons of grass shrinp, Pal aenonetes pugio. Bull. Environ
Contam Toxicol. 42: 339-343.

Khan, A.T., J. Barbieri, S. Khan and F. Sweeney. 1992. A new short-termnysid
toxicity test using sexual maturity as an endpoi nt. Aquatic Toxicol ogy. 23:
97-105.

Khangarot, B.S. 1991. Toxicity of nmetals to a freshwater tubificid worm
Tubi fex tubifex (Muller). Bull. Environ. Contam Toxicol. 46: 906-912

Khangarot, B.S. and P.K Ray. 1987a. Correl ati on between heavy netal acute
toxicity values in Daphnia nagna and fish. Bull. Environ. Contam Toxicol. 38:
722-726.

Khangarot, B.S. and P.K Ray. 1987b. Sensitivity of toad tadpoles, Bufo
nmel anosti ctus (Schneider), to heavy netals. Bull. Environ. Contam Toxi col
38(3): 523-527.

Khangarot, B.S. and P.K Ray. 1989a. Investigation of correlation between
physi cochem cal properties of nmetals and their toxicity to the water flea
Daphni a magna Straus. Ecotoxicol. Environ. Safety. 18: 109-120.

Khangarot, B.S. and P.K Ray. 1989b. Sensitivity of nidge |arvae of Chirononus
tentans Fabricius (diptera chironom dea) to heavy netals. Bull. Environ
Contam Toxicol. 1989. 42: 325-330.

Khangarot, B.S., P.K Ray and H Chandra. 1987. Daphnia magna as a nodel to

assess heavy netal toxicity: comparative assessment with nouse system Acta
Hydrochi m Hydrobiol. 15(4): 427-432.

191



Khoshmanesh, A, F. Lawson and |I.G Prince. 1996. Cadmi um upt ake by
uni cel lul ar green nmcroal gae. Chem Eng. J. 62: 81-88.

Khoshmanesh, A, F. Lawson and |I.G Prince. 1997. Cell surface area as a nmjor
paranmeter in the uptake of cadm um by unicellular green mcroal gae. Chem Eng.
J. 65: 13-19.

Khristoforova, N.K, S M GCnezdilova and G A. VM asova. 1984. Effect of cadm um
on gamet ogenesi s and of fspring of the sea urchin Strongyl ocentrotus
i nternmedius. Mar. Ecol. Prog. Ser. 17: 9-14.

Kiffney, PPM and WH. Cenents. 1996. Size-dependent response of
macr oi nvertebrates to nmetals in experinmental streams. Environ. Toxicol. Chem
15(8): 1352-1356.

Klass, E., et al. 1974. The effect of cadm um on popul ation growth of the
green al ga Scenedesnmus quadri cauda. Bull. Environ. Contam Toxicol. 12: 442.

Kl aver kanmp, J.F. and D. AL Duncan. 1987. Acclimtion to cadmiumtoxicity by
whi t e suckers: cadm um bi ndi ng capacity and netal distribution in gill and
liver cytosol. Environ. Toxicol. Chem 6: 275-289.

Klerks, P.J. and P.R Barthol omew. 1991. Cadmi um accunul ati on and
detoxification in a Cd-resistant popul ation of the oligochaete Limodrilus
hof fmei steri. Aquat. Toxicol. 19: 97-112.

Kl ockner, K. 1979. Uptake and accumul ati on of cadm um by Ophryotrocha di adema
(Pol ychaeta). Mar. Ecol. Progress Series 1: 71

Kluttgen, B. and H T. Ratte. 1994. Effects of different food doses on cadm um
toxicity to Daphnia magna. Environ. Toxicol. Chem 13(10): 1619-1627.

Kluytmand, J.H, D.l1. Zandee and E.L. Enserink. Effects of cadm um on the
reproduction of Mytilus edulis L. University of Urecht, Departnent of
Experi ment al Zool ogy, 8 Padual an, 3584 CH Utrecht, The Net herl ands.

Kneip, T.J. and R E. Hazen. 1979. Deposit and nobility of cadm umin marsh-
cove ecosystemand the relation to cadm um concentration in biota. Environ
Heal th Perspect. 28: 67.

192



Kobayashi, N. 1971. Fertilized sea urchin eggs as an indicator material for
mari ne pol lution bioassay, prelimnary experinments. Publ. Seto Mar. Biol. Lab
18: 379.

Kock, G, R Hofer and S. Wbgrath. 1995. Accumul ation of trace netals (Cd, Pb,
Cu, Zn) in arctic char (Salvelinus alpinus) fromoligotrophic al pine | akes:
relation to alkalinity. Can. J. Fish. Aquat. Sci. 52: 2367-2376

Koel mans, A.A., F. Gllissen and L. Lijklema. 1996. Influence of salinity and
m neralization on trace nmetal sorption to cyanobacteria in natural waters.
Water Res. 30(4): 853-864.

Kohler, K and H U Riisgard. 1982. Formation of netallothioneins in relation
to accumul ati on of cadmiumin the common nmussel Mytilus edulis. Mar. Biol. 66
53.

Koivisto, S., M Arner and N Kautsky. 1997. Does cadm um pol |l uti on change
trophic interactions in rockpool food webs? Environnmental Toxicol ogy and
Chem stry. 16(6): 1330-1336.

Kol ok, A.S., E P. Plaisance and A. Abdel ghani. 1998. Individual variation in
the swi mm ng perfornmance of fishes: an overl ooked source of variation in
toxicity studies. Environ. Toxicol. Chem 17(2): 282-285.

Kooijman, S.A.L.M and J.J.M Bedaux. 1996. Analysis of toxicity tests on
Daphni a survival and reproduction. Water Res. 30(7): 1711-1723.

Kosakowska, A., L. Fal kowski and J. Lewandowska. 1988. Effect of am no acids
on the toxicity of heavy netals to phytoplankton. Bull. Environ. Contam
Toxi col . 40: 532-538.

Koyama, J, R Kuroshima and A Ishimatsu. 1992. The seawater fish for

eval uation of the toxicity of pollutants. Mzu Kankyo Gakkai shi. 15(11): 804-
813.

193



Kraak, MH S., M Toussaint, D. Lavy and C. Davids. 1992a. Short-termeffects
of metals on the filtration rate of the zebra nussel Dreissena pol ynorpha.
Environ. Pollut. pp.139-143.

Kraak, MHS., D. Lavy, WH M Peeters and C. Davids. 1992b Chronic
ecotoxicity of copper and cadmumto the zebra nmussel Drei ssena pol ynorpha.
Arch. Environ. Contam Toxicol. 23: 363-369.

Kraak, MHS., H Schoon, WH M Peeters and NNM Van Straal en. 1993a. Chronic
ecotoxicity of mxtures of Cu, Zn, and Cd to the zebra nussel Dreissena

pol ymor pha. Ecotoxicol. Environ. Safety. 25: 315-327.

Kraak, MH S., D Lavy, M Toussaint, H Schoon, WH M Peeters and C. Davids.
1993b. Toxicity of heavy netals to the zebra nussel (Dreissena pol ynorpha).
In: T.F. Nalepa and D.W Schl oessen (eds.), zebra nussels - biology, inpacts,
and control, chapter 29, Lewi s Publishers, Boca Raton. 8: 491-502.

Kraak, MH S., M Toussaint, D. Lavy and C. Davids. 1994a. Short-termeffects
of metals on the filtration rate of the zebra nussel Dreissena pol ynorpha.
Environ. Pollut. 84(2): 139-143.

Kraak, MH S., D Lavy, H Schoon, M Toussaint, WH M Peeters and N M Van
Straal en. 1994b. Ecotoxicity of mxtures of netals to the zebra nussel

Dr ei ssena pol ynor pha. Environ. Toxicol. Chem 13: 109-114.

Kraak, MHS., YA Wnk, S. C Stuijfzand, MC. Buckert-de Jong, C J. de
G oot, W Admiraal. 1994c. Chronic ecotoxicity of Zn and Pb to the zebra
nmussel Dreissena pol ynorpha. Aquatic Toxicol ogy. 30: 77-89.

Kraal, MH, MHS. Kraak, C.J. De G oot and C. Davids. 1995. Uptake and
tissue distribution of dietary and aqueous cadm um by carp (Cyprinus carpio).
Ecot oxi col . Environ. Safety. 31: 179-183.

Krant zberg, G 1989a. Accunul ation of essential and nonessential netals by
chirononmd larvae in relation to physical and chem cal properties of the
elements. Can. J. Fish. Aquat. Sci. 46: 1755-1761.

Krant zberg, G 1989b. Metal accumul ation by chironomd | arvae: the effects of
age and body wei ght on nmetal body burdens. Hydrobiol. 188/189: 497-506.

194



Krantzberg, G and P.M Stokes. 1988. The inportance of surface adsorption and
pH in nmetal accumul ati on by chironom ds. Environ. Toxicol. Chem 7: 653-670.

Krantzberg, G and P.M Stokes. 1989. Metal regulation, tolerance, and body
burdens in the | arvae of the genus Chironomus. Can. J. Fish. Aquat. Sci. 46:
389- 398.

Krassoi, F.R, M Julli. 1994. Chem cal batch as a factor affecting the acute
toxicity of the reference toxi cant potassiumdichromate to the cladoceran
Moi na australiensis (Sars). Bull. Environ. Contam Toxicol. 53: 153-157.

Krawczynska, W, N. N Pivovarova and A. Sobota. 1989. Effects of cadm um on
growm h, ultrastructure and content of chemical elenments in Tetrahynena
pyriform s and Acant hanoeba castellanii. Acta Protozool ogica. 28:(3-4): 245-
252.

Krishnaja, A.P., MS. Rege and A G Joshi. 1987. Toxic effects of certain
heavy netals (Hg, Cd, Pb, As and Se) on the intertidal crab Scylla serrata.
Environ. Res. 21: 109-119.

Kuhn, R and M Pattard. 1990. Results of the harnful effects of water
pollutants to green al gae (Scenedesnus subspicatus) in the cell multiplication
inhibition test. Water Res. 24(1): 31-38.

Kuhn, R, M Pattard, K D. Pernak and A. Wnter. 1989. Results of the harnful
effects of water pollutants to Daphnia magna in the 21 day reproduction test.
Wat. Res. 23(4): 501-510.

Kumada, H, et al. 1973. Acute and chronic toxicity, uptake and retention of
cadmumin freshwater organisns. Bull. Freshwater Fish. Res. Lab. 22: 157.

Kumada, H, et al. 1980. Accumul ati on and biol ogical effects of cadm umin
rai nbow trout. Bull. Jap. Soc. Sci. Fish. 46: 97

Kumar, M 1991. Accunul ation of Pb, Cd, and Zn in aquatic snails from four
freshwater sites in Steuben County, Indiana. Bios. 62(1): 2-8.

195



Kuroshima, R 1987. Cadm um accumrul ation and it effect on cal ci um et abol i sm
inthe girella Grella punctata during a |l ong term exposure. Bull. Jpn. Soc
Sci. Fish. 53(3): 445-450.

Kuroshima, R 1992. Cadm um accumul ati on in the nmumm chog, Fundul us
heteroclitus, adapted to various salinities. Bull. Environ. Contam Toxi col
49: 680- 685.

Kuroshima, R, S. Kinura. 1990. Changes in toxicity of Cd and its accunul ati on
ingirella and goby with their growth. Bull. Jpn. Soc. Sci. Fish. 56(3): 431-
453.

Kuroshima, R, S. Kinura, K Date and Y. Yamanoto. 1993. Kinetic analysis of
cadmumtoxicity to red sea bream Pagrus major. Ecotoxicol. Environ. Safety.
25: 300- 314.

Kwan, KHM and S. Smth. 1991. Sone aspects of the kinetics of cadm um and
thal I i um upt ake by fronds of Lemma minor L. New Phytologist. 117(1): 91-102.

Laegreid, M, et al. 1983. Seasonal variation of cadmiumtoxicity toward the
al ga Sel enastrum capricornutumPrintz in two |akes with different hunus
content. Environ. Sci. Technol. 17: 357.

Lagerwerff, J.V. and AW Specht. 1970. Contam nation of roadside soil and
vegetation with cadm um nickel, lead and zinc. Environ. Sci. Technol. 4: 583-
586.

Lal ande, M and B. Pinel-Alloul. 1986. Acute toxicity of cadm um copper
mercury and zinc to Tropocycl ops Prasi nus Mexi canus (Cycl opoi da, copepoda)
fromthree Quebec | akes. Environmental Toxicol ogy and Chemistry. 5:95-102.

Lam P.K S. 1996a. Effects of cadm um on the consunption and absorption rates
of a tropical freshwater snail, Radix plicatulus. Chenosphere. 32(11): 2127-
2132.

Lam P.K S. 1996b. Interpopulation differences in acute response of Brotia

hai nanensi s (gastropoda, prosobranchia) to cadm um genetic or environnenta
variance? Environ. Pollut. 94(1): 1-7.

196



Lam P.K S., KN Yu, KP. Ng and MWK. Chong. 1997. Cadm um uptake and
depuration in the soft tissues of Brotia hai nanensis (gastropoda:
prosobranchi a: thiaridae): a dynam c nodel. Chenbsphere. 35(11): 2449-2461.

Landner, L. and A. Jernelov. 1969. Cadm umin aquatic systens. Metals and
Ecol ogy Synposium Bulletin No. 5. Ecol ogy Research Conmittee, Stockholm
Sweden. p. 47.

Langston, WJ. and M Zhou. 1987. Cadm um accurul ation, distribution and
met abolismin the gastropod Littorina littorea: the role of netal-binding
proteins. J. Mar. Biol. Assoc. U K 67: 585-601.

Larsen, J. and B. Svensmark. 1991. Labile species of Pb, Zn and Cd determ ned
by anodic stripping staircase voltametry and their toxicity to Tetrahynena.
Tal anta. 38(9): 981-988.

Lasenby, D.C. and J. Van Duyn. 1992. Zinc and cadm um accumnul ati on by the
opossum shrinp Mysis relicta. Arch. Environ. Contam Toxicol. 23: 179-183.

Lasheen, MR, S.A Shehata and GH Ali. 1990. Effect of cadm um copper and
chromum (VI) on the growh of nile water al gae. Water, Air, and Soil
Pol | ution. 50: 19-30.

Laube, V.M, et al. 1980. Strategi es of response to copper, cadm um and |ead
by a blue-green and a green alga. Can. Jour. Mcrobiol. 26: 1300.

Lawence, S.G and MH Holoka. 1987. Effects of |ow concentrations of cadm um
on the crustacean zoopl ankton comunity of an artificially acidified |ake.
Can. J. Fish. Aquat. Sci. 44: 163-172.

Lawence, S.G and MH Holoka. 1991. Response of crustacean zoopl ankton
i mpounded in situ to cadm um at | ow environnmental concentrations. Verh.
Internat. Verein. Limol. 24: 2254-2259.

LeBl anc, G A. 1984. Interspecies relationships in acute toxicity of chem cals
to aquatic organi sms. Environ. Toxicol. Chem 3: 47-60.

197



Lee, B.G and S.N Luoma. 1998. Influence of mcroal gal biomass on absorption
efficiency of Cd, Cr, and Zn by two bival ves from San Franci sco Bay. Limol.
Cceanogr. 43(7): 1455-1466.

Lee, HH and CH Xu. 1984. Differential response of marine organisns to
certain netal and agrichem cal pollutants. Bull. Environ. Contam Toxicol. 33:
460- 467.

Lee, H. L., B. Lustigman, V. Schwinge, I.Y. Chiu and S. Hsu. 1992. Effects of
mercury and cadm um on the growt h of Anacystis nidulans. Bull. Environ.
Contam Toxicol. 49: 272-278.

Lee, J.G 1995. Cadmium a toxin and a nutrient for marine phytopl ankton.
Environ. Sci. pp.1.

Lee, R and Y. Gshima. 1998. Effects of selected pesticides, netals and
organonetal lics on devel opnment of blue crab (Callinectes sapidus) enbryos.
Mar. Environ. Res. 46(1-5): 479-482.

Lee, RF., K OMilley and Y. Gshima. 1996. Effects of toxicants on devel opi ng
oocytes and enbryos of the blue crab, Callinectes sapidus. Marine
Envi ronnental Research. 42(1-4): 125-128.

Lee, S. Ill, EJ. Na, Y.O Cho, B. Koopman and G Bitton. 1997. Short-term
toxicity test based on al gal uptake by Ceri odaphni a dubia. Water Environment
Research. 69(7): 1207-1210.

Leonhard, S.L., et al. 1980. Evaluation of the acute toxicity of the heavy
metal cadmiumto nynphs of the burrowi ng mayfly, Hexagenia rigida. In: J.F

Fl annagan and K. E. Marshall (eds.), Advances in Epheneroptera Bi ol ogy. Pl enum
Publ i shing Corp., New York. p. 457.

Les, A And RW Walter. 1984. Toxicity and bi nding of copper, zinc and

cadm um by the bl ue-green al ga, Chroococcus paris. Water, Air, Soil Pollut.
23: 129-130.

198



Lewis, P.A. and WB. Horning Il. 1991. Differences in acute toxicity test
results of three reference toxicants on Daphnia at two tenperatures.
Envi ronnental Toxi col ogy and Chem stry. 10: 1351-1357.

Lewis, P.A and C. 1. Weber. 1985. A study of the reliability of Daphnia acute
toxicity tests. Aquatic Toxicol ogy and Hazard Assessnent: Seventh Synposium
ASTM STP 854, R D. Cardwell, R Purdy and R C. Bahner (eds.), Anerican Society
for Testing and Materials, Philadel phia. pp. 73-86.

Liao, 1.C. and C. S. Hsieh. 1990. Toxicity of three heavy netals to
Macr obr achi um rosenbergii. In: Proc. of the 2" Asian Fisheries Forum April
17 - 22, 1989, Tokyo, Japan, Asian Fish. Soc., Mnila, Philippines: 923-926.

Lin, HC and WA. Dunson. 1993. The effect of salinity on the acute toxicity
of cadmumto the tropical, estuarine, hermaphroditic fish, R vulus

mar nor at us: a conpari son of Cd, Cu, and Zn tol erance w th Fundul us
heteroclitus. Arch. Environ. Contam Toxicol. 25: 41-47.

Lithner, G K Holmand H Borg. 1995. Bioconcentration factors for netals in
hum c waters at different pHin the Ronnskar area (N. Sweden). Water, Air Soil
Pol I ut. 85: 785-790.

Lomagin, A.G and L.V. U’yanova. 1993. A new bi oassay on water pollution
usi ng duckweed Lemma minor L. Sov. Plant Physiol./Fiziol. Rast. 49(2): 327.

Lorz, HW, et al. 1978. Effects of several netals on snolting of coho sal non.
EPA- 600/ 3- 78-090. Nati onal Technical Information Service, Springfield,
Vi rginia.

Lounmbourdis, N S., P. Kyriakopoul ou- Skl avounou and G Zachari adis. 1999.
Ef fects of cadm um exposure on bi oaccumul ation and larval growmh in the frog
Rana ridi bunda. Environ. Pollut. 104: 429-433.

Lourdes, M 1994. Survival and heavy netal accunul ation of two Oreochroms

niloticus (L.) Strains exposed to mxtures of zinc, cadm um and mercury. Sci.
Total Environ. 148: 31-38.

199



Lourdes, M and E. V. Aralar. 1993. Effects of |ong-termexposure to a m xture
of cadm um zinc, and inorganic mercury on two strains of tilapia Oreochroms
niloticus (L.). Bull. Environ. Contam Toxicol. 50: 891-897.

Lucker, T., D. Busch and W Wbsni ok. 1997. Experinents to determ ne the inpact
of salinity on the heavy netal accunul ation of Dreissena pol ynorpha (Pall as
1771). Limmol. 27(10: 91-101.

Lue-Kim H., et al. 1980. Cadmiumtoxicity on synchronous popul ati ons of
Chlorella ellipsoidea. Can. Jour. Biol. 58: 1780.

Lussier, S.M, WS. Boothman, S. Poucher, D. Chanplin and A. Hel nstetten.
1999. Conparison of dissolved and total netals concentrations fromacute tests
wi th saltwater organi sms. Environ. Toxicol. Chem 18(5): 889-898

Lussier, S.M, et al. Manuscript. Acute and chronic effects of heavy netals
and cyani de on Mysidopsis bahia (Crustacea: Mysidacea). U S. EPA,
Nar ragansett, Rhode I sl and.

McCahon, C.P. and D. Pascoe. 1988a. Cadmiumtoxicity to the freshwater
anphi pod Gammarus pulex (L.) During the moult cycle. Freshwater Biol. 19: 197-
203.

McCahon, C.P. and D. Pascoe. 1988b. Increased sensitivity to cadm um of the
freshwat er anmphi pod Ganmarus pulex (L.) during the reproductive period. Aquat.
Toxicol . 13: 183-194.

McCahon, C.P. and D. Pascoe. 1988c. Use of Gammarus pulex (L.) In safety
eval uation tests: culture and selection of a sensitive |life stage. Ecotoxicol.
Environ. Safety. 15: 245-252.

McCahon, C.P. and D. Pascoe. 1991. Brief-exposure of first and fourth instar
Chirononus riparius larvae to equival ent assumed doses of cadm um effects on
adult energence. Water, Air, and Soil Pollution. 60: 395-403.

McCahon, C.P., AF. Brown and D. Pascoe. 1988. The effect of the

acant hocephal an Ponmphor hynchus | aevis (Miuller 1776) on the acute toxicity of
cadmumto its internediate host, the anphi pod Ganmarus pulex (L.). Arch.
Environ. Contam Toxicol 17: 239-243.

200



McCahon, C.P., A J. Wiles and D. Pascoe. 1989. The toxicity of cadm umto
different larval instars of the trichopteran | arvae Agapetus fuscipes Curtis
and the inportance of life cycle information to the design of toxicity tests.
Hydr obi ol . 185: 153-162.

McCarty, L.S. and A-H Houston. 1976. Effects of exposure to sublethal |evels
of cadm um upon water-electrolyte status in the goldfish (Carassius auratus).
Jour. Fish Biol. 9: 11.

McCarty, L.S., et al. 1978. Toxicity of cadm umto gol dfish, Carassius
auratus, in hard and soft water. Jour. Fish. Res. Board Can. 35: 35.

McCurg, T.P. 1984. Effects of fluoride, cadm um and nmercury on the estuarine
prawn Penaeus indicus. Water SA 10: 40.

McCGee, B.L., DA Wight and D.J. Fisher. 1998. Biotic factors nodifying acute
toxicity of aqueous cadm umto estuarine anphi pod Leptocheirus plunul osus.
Arch. Environ. Contam Toxicol. 34: 34-40.

McLeese, D.W and S. Ray. 1984. Uptake and excretion of cadm um CdEDTA, and
zinc by Macona balthica. Bull. Environ. Contam Toxicol. 32: 85.

McLeese, D.W and S. Ray. 1986. Toxicity of Cdd, CdEDTA, Cud ,, and CuEDTA
to Marine Invertebrates. Bull. Environ. Contam Toxicol. 36: 749-755.

McLeese, D.W, et al. 1981. Lack of excretion of cadm umfrom/| obsters.
Chenosphere 10: 775.

McNicol, R E. and E. Scherer. 1993. Influence of cadm um pre-exposure on the
pr ef erence- avoi dance responses of Lake Witefish (Coregonus clupeaforms) to
cadm um Arch. Environ. Contam Toxicol. 25: 36-40.

McNulty, EW, F.J. Dwer, MR Ellersieck, EI. Geer, CG Ingersoll and
C.F. Rabeni. 1999. Evaluation of ability of reference toxicity tests to
identify stress in |aboratory popul ati ons of the anphi pod Hyal el | a azteca.
Envi ronnental Toxi col ogy and Chem stry. 18(3): 544-548.

201



Ma, M, Z Tong, Z. Wang, W Zhu. 1999. Acute toxicity bioassay using the
freshwat er | um nescent bacterium Vi brio-qi nghai ensis sp. Nov.-Q57. Bull.
Environ. Contam Toxicol. 62: 247-253.

Maas, R P. 1978. A field study of the relationship between heavy netal
concentrations in streamwater and sel ected benthic macroi nvertebrate species.
PB 297284. National Technical Information Service, Springfield, Virginia.

Macdonal d, C.R and J.B. Sprague. 1998. Cadmiumin marine invertebrates and
arctic cod in the Canadian Arctic. Distibution and ecol ogi cal inplications.
Mar. Ecol. Prog. Ser. 47: 17-30.

Macdonal d, J.M, J.D. Shields and R K. Z nmmer-Faust. 1988. Acute toxicities of
el even netals to early life-history stages of the yellow crab Cancer anthonyi.
Mari ne Bi ol ogy. 98: 201-207.

Macfie, S.M, Y. Tarnohaned and P.M Wel bourn. 1994. Effects of cadm um
cobalt, copper, and nickel on growth of the green al ga Chl anydononas
reinhardtii: the influences of the cell wall and pH Arch. Environ. Contam
Toxi col . 27: 454-458.

Macl nnes, J.R, et al. 1977. Long-term cadm um stress in the cunner
Taut ogol abrus adspersus. Fish. Bull. 75: 199.

Mackie, G L. 1989. Tol erances of five benthic invertebrates to hydrogen ions
and netals (Cd, Pb, Al). Arch. Environ. Contam Toxicol. 18: 215-223.

Madoni, P., D. Davoli and G Gorbi. 1994. Acute toxicity of lead, chrom um
and other heavy netals to ciliates fromactivated sludge plants. Bull.
Environ. Contam Toxicol. 53: 420-425.

Maeda, S., M M zoguchi, A OChki and J. |Inanaga. 1990. A bi oaccumul ation of
zinc and cadmiumin freshwater alga, Chlorella vulgaris. Part Il. Association
node of the netals and cell tissue. Chenosphere. 21(8): 965-973.

Maj ewski, H S. and MA Gles. 1984. Cardio vascul ar-respiratory responses of
rai nbow trout (Salno gairdneri) during chronic exposure to subl et hal
concentrations of cadm um Water Res. 15: 1211.

202



Mal ea, P. 1994. Uptake of cadm um and the effect on viability of leaf cells in
t he seagrass Hal ophila stipul acea (Forsk.) Aschers. Bot. Mar. 37: 67-73.

Mall ey, D.F. and P.S.S. Chang. 1991. Early observations on the zoopl ankton
community of a precanbrian shield | ake receiving experinmental additions of
cadmum Verh.-Int. Ver. Theor. Angew. Limmol. 24: 2248-2253.

Malley, D.F., P.S.S. Chang and R H Hesslein. 1989. Wol e | ake addition of
cadm um 109: radi otracer accumul ation in the nmussel population in the first
season. The Science of the Total Environment. 87/88: 397-417.

Mal oney, J. 1996. Influence of organic enrichnment on the partitioning and
bi oavail ability of cadmumin a mcrocosmstudy. Mar. Ecol. Prog. Ser. 144:
147-161.

Mansour, G MM 1993. Effects on fish of cadm um concentrations in water.
Cceanol ogi a. 34: 91.

Manz, W, M Wagner, R A and D.H Schleifer. In situ characterization of the
m crobial consortia active in two wastewater treatnment plants. Water Res.
28(8): 1715-1732.

Mar anhao, P., J.C. Marques and V.M C. Madeira. 1999. Zinc and cadm um
concentrations in soft tissues of the red swanp crayfish Procanbarus clarkii
(Grard, 1852) after exposure to zinc and cadm um Environ. Toxicol. Chem
18(8): 1769-1771.

Mark, U and J. Sol be. 1998. Analysis of the ecetoc aquatic toxicity (EAT)
dat abase V- the rel evance of Daphnia magna as a representative test species.
Chenosphere. 36(1): 155-166.

Markham J. W, et al. 1980. Effects of cadm um on Lanm naria saccharina in
culture. Mar. Ecol. Progress Series 3: 31.

Markich, S.J. and R A Jeffree. 1994. Absorption of divalent trace netals as

anal ogues of cal cium by Australian freshwater bivalves: an explanation of how
wat er hardness reduces netal toxicity. Aquat. Toxicol. 29: 257-290.

203



Marr, J.C. A, HL. Bergnman, J. Lipton and C. Hogstrand. 1995a. Differences in
relative sensitivity of naive and netal s-acclimted brown and rai nbow trout
exposed to netals representative of the dark Fork River, Mntana. Can J.
Aquat. Sci. 52: 2016-2030.

Marr, J.C. A, HL. Bergnan, M Parker, J. Lipton, D. Cacela, W Erickson and
G R Phillips. 1995b. Relative sensitivity of brown and rai nbow trout to pul sed
exposures of an acutely lethal mxture of nmetals typical of the Cark Fork

Ri ver, Mntana. Can. J. Aquat. Sci. 52: 2005-2015.

Marshall, J.S. 1978a. Popul ati on dynam cs of Daphni a gal eata nendot ae as
nodi fi ed by chronic cadm um stress. Jour. Fish. Res. Board Can. 35: 461.

Marshall, J.S. 1978b. Field verification of cadmumtoxicity to |aboratory
Daphni a popul ations. Bull. Environ. Contam Toxicol. 20: 387.

Marshall, J.S., et al. 1981. An in situ study of cadm um and nmercury stress in
t he plankton community of |ake 382, Experinmental Lakes Area, northwestern
Ontario. Can. Jour. Fish. Aquat. Sci. 38: 1209.

Marshall, J.S., et al. 1983. Bioaccunul ati on and effects of cadnm um and zinc
in a Lake M chigan plankton comunity. Can. Jour. Fish. Aquat. Sci. 40: 1469.

Martin, T.R and D.M Holdich. 1986. The acute lethal toxicity of heavy netals
to peracarid crustaceans (with particular reference to fresh-water asellids
and gammarids). Wat. Res. 20(9): 1137-1147.

Martin, M, et al. 1981. Toxicities of ten metals to Crassostrea gigas and

Mytilus edulis enmbryos and Cancer magister larvae. Mar. Pollut. Bull. 12: 305.

Martinez, M, J. Del Ranb, A Torreblanca, A Pastor and J. D az-Mayans. 1996.
Cadmium toxicity, accunulation and netall othionein induction in Echi noganmarus
echi nosetosus. J. Environ. Sci. Health. A31(7): 1605-1617.

204



Masters, J.A., MA Lews and D.H Davidson. 1991. Validation of a four-day
Ceriodaphnia toxicity test and statistical considerations in data anal ysis.
Envi ronnent al Toxi col ogy and Chemi stry. 10: 47-55.

Mateo, P., F Fernandez-Pinas and |I. Bonilla. 1994. O-induced inactivation of
ni trogenase as a nmechani smfor the toxic action of Cd* on Nostoc UAM 208. New
Phyt ol ogi st. 126(2): 267-272.

Mat hew, P. and N. R Menon. 1992. Toxic responses of bivalves to netal
m xtures. Bull. Environ. Contam Toxicol. 48: 185-193.

Meador, J.P. 1993. The effect of |aboratory holding on the toxicity response
of marine infaunal anphipods to cadm umand tributyltin. Exp. Mar. Biol. Ecol.
174: 227-242.

Mel gar, MJ., M Perez, MA Garcia, J. Alonso and B. M guez. 1997.
Accurul ation profiles in rainbow trout (Oncorhynchus mykiss) after short-term
exposure to cadmum J. Environ. Sci. Health. A32(3): 621-631.

Mersch, J., E. Morhain and C. Mouvet. 1993. Laboratory accumul ati on and
depuration of copper and cadmiumin the freshwater nussel Dreissena pol ynorpha
and the aquatic noss Rhynchostegi umriparioi des. Chenosphere. 27(8): 1475-
1485.

Mersch, J., P. Wagner and J.C. Pihan. 1996. Copper in indigenous and
transpl anted zebra nussels in relation to changi ng water concentrations and
body wei ght. Environ. Toxicol. Chem 15(6): 886-893.

Met ayer, C., et al. 1982. Accumul ation of sone trace netals (cadm um | ead,
copper and zinc) in sole (Solea solea) and flounder (Platichthus flesus):
changes as a function of age and organotropism Rev. Int. Cceanogr. Med. 66-
67: 33.

Meteyer, MJ., D.A. Wight and F.D. Martin. 1988. Effect of cadm umon early

devel opnent al stages of the sheepshead m nnow (Cyprinodon vari egatus).
Environ. Toxicol. Chem 7:321-328.

205



Meyer, J.S. 1999. A nechanistic explanation for the 1n(LC50) vs 1n(hardness)
adj ustment equation for nmetals. Environ. Sci. Technol. 33: 908-912.

M chi bata, H., S Sahara and M K. Kojima. 1986. Effects of cal cium and
magnesi umions on the toxicity of cadmumto the egg of the teleost, Oyzias
| ati pes. Environ. Res. 40: 110-114.

M chi bata, H, Y. Nojima and MK Kojima. 1987. Stage sensitivity of eggs of
the tel eost Oryzias |latipes to cadm um exposure. Environnmental Research. 42:
321-327.

M ddaugh, D.P. and J.M Dean. 1977. Conparative sensitivity of eggs, |arvae
and adults of the estuarine tel eosts, Fundul us heteroclitus and Menidia

nmenidia to cadmum Bull. Environ. Contam Toxicol. 17: 645.

M ddaugh, D.P. and G Floyd. 1978. The effect of prehatch and posthatch
exposure to cadmumon salinity tolerance of |arval grass shrinp, Pal aenonetes
pugi o. Estuaries 1: 123.

M ddaugh, D.P., et al. 1975. The response of l|arval fish Leiostonus xanthurus
to environnmental stress follow ng subl ethal cadm um exposure. Contrib. Mar.
Sci. 19.

Mgliore, J. And M De Nicola Gudici. 1988. Effect of heavy netals (Hg, Cd,
Cu and Fe) on two species of crustacean isopods, Asellus aquaticus (L.) And
Proasellus coxalis Dollf. Verh.-Int. Ver. Theor. Angew. Limol. 23: 1655-1659.

M nistry of Technol ogy. 1967. Water Pollution Research 1966. London. p. 50

Mrenda, R J. 1986. Toxicity and accumul ati on of cadm umin the crayfish,
Orconectes virilis (Hagen). Arch. Environ. Contam Toxicol. 15: 401-407.

Mrkes, D.Z, et al. 1978. Effects of cadm um and nmercury on the behavi oral

responses and devel opment of Eurypanopeus depressus larvae. Mar. Biol. 47:
143.

206



M zutani, A, E. Ifune, A Zanella and C Eriksen. 1991. Uptake of | ead,
cadmium and zinc by the fairy shrinp, Branchinecta | ongi antenna (crustacea:
anostraca). Hydrobiol. 212: 145-149.

Ml ler, V., V.E. Forbes and M H Depl edge. 1994. Influence of acclimtion and
exposure tenperature on the acute toxicity of cadmumto the freshwater snai
Pot amopyr gus anti podarum ( Hydr obi i dae). Environ. Toxicol. Chem 13(9): 1519-
1524.

Moore, MN and A.R D. Stebbing. 1976. The quantitative cytochem cal effects
of three netal ions on a |ysosomal hydrol ase of a hydroid. Jour. Mar. Biol
Assoc. U. K. 56: 995.

Mor ai t ou- Apost ol opoul ou, M and G Verriopoul os. 1982. Individual and conbi ned
effects of three heavy netals, Cu, Cd and Cr for the marine copepod Ti sbhe
hol ot huri ae. Hydrobi ol ogia 87: 83.

Mor ai t ou- Apost ol opoul ou, M, et al. 1979. Effects of sublethal concentrations
of cadm um pollution for two popul ati ons of Acartis clausi (Copepoda) |iving
at two differently polluted areas. Bull. Environ. Contam Toxicol. 23: 642.

Morgan, WS. G 1979. Fish | oconotor behavior patterns as a nonitoring tool
Jour. Water Pollut. Control Fed. 51: 580.

Mostafa, L.Y. and Z. Khalil. 1986. Uptake, rel ease and incorporation of radio
active cadm um and nmercury by the fresh water alga Phormdiumfragile. Isot.
Rad. Res. 18(1): 57-62.

Mount, D.l1. and T.J. Norberg. 1984. A seven-day life-cycle cladoceran toxicity
test. Environ. Toxicol. Chem 3: 425.

Mount, D.R, A K Barth, T.D. Garrison, D.A Barten and J. R Hockett. 1994.
Di etary and wat er borne exposure of rainbow trout (Oncorhynchus nykiss) to

copper, cadmum |ead and zinc using a live diet. Environ. Toxicol. Chem
13(12): 2031-2041.

Moza, U., S.S. De Solva and B.M Mtchell. 1995. Effect of sub-Ietha
concentrations of cadm umon food intake, growh and digestibility in the gold
fish, Carassius auratus L. J. Environ. Biol. 16(3): 253-264.

207



Miuino, C V., L. Ferrari and A Salibian. 1990. Protective action of ions
agai nst cadmumtoxicity to young Bufo arenarum tadpoles. Bull. Environ.
Contam Toxicol. 45: 313-319.

Mul ler, KW and H D. Payer. 1979. The influence of pH on the cadm um
repressed growh of the alga Coel ostrum probosci deum Physiol. Plant. 45: 415.

Muller, KW and H. D. Payer. 1980. The influence of zinc and |light conditions
on the cadm umrepressed growth of the green al ga Coel ostrum probosci deum
Physiol. Plant. 50: 265.

Munger, C. and L. Hare. 1997. Relative inportance of water and food as cadm um
sources to an aquatic insect (Chaoborus punctipennis): inplications for
predi cting Cd bioaccunmul ation in nature. Environ. Sci. Technol. 31: 891-895.

Munger, C., et al. 1999. Influence of exposure tine on the distribution of
cadmiumw thin the cladoceran Ceriodaphni a dubia. Aquat. Toxicol. 44: 195-200.

Muranoto, S. 1980. Decrease in cadm umconcentration in a Cd-contam nated fish
by short-term exposure to EDTA. Bull. Environ. Contam Toxicol. 25: 828.

Musko, |.B., W Meinel, R Krause and M Barlas. 1990. The inpact of Cd and
different pH on the anphi pod Gammarus fossarum Koch (Crustacea: anphipoda).
Conp. Biochem Physiol. 96C(1): 11-16.

Mrvangi, S.M and M A. Alikhan. 1993. Cadm um and ni ckel uptake by tissues of
Canbarus bartoni (astaci dae, decapoda, crustacea): effects on copper and zinc
stores. Water Res. 27(5): 921-927.

Nacci, D., E. Jackimand R Walsh. 1986. Conparative evaluation of three rapid
marine toxicity tests: sea urchin early enbryo growmh test, sea urchin sperm
cell toxicity test and m crotox. Environnental Toxicology and Chem stry. 5:
521-525.

Nagel , K. And J. Voigt. 1995. I|npaired photosynthesis in a cadm umtol erant
Chl anydononas nutant strain. Mcrobiol. Res. 150: 105-110.

208



Nakagawa, H. and S. Ishio. 1988. Aspects of accumul ation of cadmumion in the
egg of nedaka Oryzias latipes. Bull. Jpn. Soc. Sci. Fish. (JPN)(ENG ABS)
54(12): 2159-2164.

Nakagawa, H and S. Ishio. 1989. Effects of water hardness on the toxicity and
accunul ati on of cadmiumin eggs and | arvae of nedaka Oryzias |atipes. Bull
Jpn. Soc. Sci. Fish. (JPN)(ENG ABS). 55(2): 327-331

Nakano, Y. 1980. Chloroplast replication in Euglena gracilis grown in cadm um
ion containing nedia. Agric. Biol. Chem 44: 2733.

Nakano, Y., et al. 1980. Morphol ogi cal observation of Euglena gracilis grown
in zinc-sufficient media containing cadmiumions. Agric. Biol. Chem 44: 2305.

Nal ecz- Jawecki, G and J. Saw cki. 1998. Toxicity of inorganic conpounds in
the spirotox test: a mniaturized version of the Spirostomm anbi guum test.
Arch. Environ. Contam Toxicol. 34: 1-5.

Nal ecz- Jawecki, G, K Denkow cz-Dobrzanski and J. Saw cki. 1993. Protozoan
Spi rost omum anbi guum as a highly sensitive bioindicator for rapid and easy

determ nati on of water quality. The Science of the Total Environnent. pp
1227-1234.

Nal ewaj ko, C. 1995. Effects of cadm um and netal -contam nated sedi nents on
phot osynt hesi s het erotrophy, and phosphate uptake in Mackenzie River delta
phyt opl ankt on. Chenosphere. 30(7): 1401-1414.

Naqvi, SSM and R D. Howell. 1993. Toxicity of cadm umand |lead to juvenile
red swanp crayfish, Procanbarus clarkii, and effects on fecundity of adults.
Bull. Environ. Contam Toxicol. 51: 303-308.

Nassiri, Y., J. Wery, J.L. Mansot, T. G nsburger-Vogel. 1997. Cadm um
bi oaccunul ation in Tetraselm s suecica: and el ectron energy | oss spectroscopy

(EELS) study. Arch. Environ. Contam Toxicol. 33: 156-161

Nasu, Y., K Hirabayashi and M Kugi noto. 1988. The toxicity of sone water
pol lutants for | emaceae (duckweed) plant. Proc. ICVR Semin. 8: 485-491.

209



Nasu, Y., et al. 1983. Conparative studies on the absorption of cadm um and
copper in Lemma paucicostata. Environ. Pollut. (Series A) 32: 201

Naylor, C. E.J. Cox, MC Bradley and P. Calow. 1992. Effect of differing
mat ernal food ration on susceptibility of Daphnia magna Straus neonates to
toxi ¢ substances. Aquat. Toxicol. 24: 75-82.

Nebeker, A.V., MA Cairns, S.T. Onjukka and R H Titus. 1986a. Effect of age
on sensitivity of Daphnia magna to cadm um copper and cyanazi ne. Environ
Toxi col. Chem 5: 527-530.

Nebeker, A V., S.T. Onjukka, MA Cairns and D.F. Krawczyk. 1986b. Survival of
Daphni a magna and Hyal ell a azteca in cadm um spi ked water and sedi ment.
Environ. Toxicol. Chem 5: 933-938.

Nebeker, A V., G S. Schuytema and S.L. Ot. 1994. Effects of cadmumon linb
regeneration in the northwestern sal amander Anbystoma gracile. Arch. Environ
Contam Toxicol. 27: 318-322.

Nebeker, A V., G S. Schuytema and S.L. Ot. 1995. Effects of cadm umon growh
and bi oaccurmul ation in the northwestern sal amander Anbystoma gracile. Arch
Environ. Contam Toxicol. 29: 492-499.

Negi | ski, D.S. 1976. Acute toxicity of zinc, cadm umand chromumto the
mari ne fishes, yelloweye nullet (Al drichetta forsteri C and V.) and
smal | mout h hardy head (Atherinasoma mcrostoma Whitley). Aust. Jour. Mar.
Freshwater Res. 27: 137.

Nel son, D. A, et al. 1976. Biological effects of heavy netals on juvenile bay
scal | ops, Argopenten irradians, in short-term exposures. Bull. Environ
Contam Toxicol. 16: 275.

Nel son, D.A., J.E. MIller and A Cal abrese. 1988. Effect of heavy netals on

bay scal l ops, surf clans, and blue nussels in acute and | ong-term exposures.
Arch. Environ. Contam Toxicol. 17: 595-600.

210



Nel son, S.M 1994. (bserved field tol erance of caddi sfly |arvae (Hesperophyl ax

sp. to fish nmetal concentrations and | ow pH. J. Freshwater Ecol. 9(2): 169-170.

Nel son, SSM and R A Roline. 1998. Evaluation of the sensitivity of rapid
toxicity tests relative to daphnid acute lethality tests. Bull. Environ
Contam Toxicol. 60: 292-299.

Nendza, M, T. Herbst, C Kussatz and A. Ges. 1997. Potential for secondary
poi soni ng and bi omagni fication in marine organi snms. Chenosphere. 35(9): 1875-
1885.

Neter, J. and W Wassernman. 1974. Applied Linear Statistical Mdels. Irwn,
Inc., Honmewood, IIlinois.

Ni eder | ehner, B. 1984. A conparison of techniques for estimating the hazard of
chemicals in the aquatic environment. MS. thesis. Virginia Polytechnic
Institute and State University.

Ni ederl ehner, B.R, et al. 1985. Laboratory test evaluating the effects of
cadm um on freshwater protozoan comunities. Environmental Toxicol ogy and
Chemi stry. 4: 155-165.

Nimmo, D.R, et al. 1977a. Mysidopsis bahia: an estuarine species suitable for
life-cycle toxicity tests to deternmne the effects of a pollutant. In: F.L.
Mayer and J.L. Hanelink (eds.), Aquatic Toxicol ogy and Hazard Eval uation. ASTM
STP 634. American Society for Testing and Materials, Philadel phia,

Pennsyl vani a. p. 109.

Nimmo, D.R, et al. 1977b. Effects of cadm um on the shrinps Penaeus duorarum
Pal aenonet es pugi o, and Pal aenonetes vulgaris. In: F.J. Vernberg, et al
(eds.), Physiol ogical Responses of Marine Biota to Pollutants. Acadenic Press,
New York. p. 131

Nir, R, A Gasith and A S. Perry. 1990. Cadm um uptake and toxicity to water

hyaci nth: effect of repeated exposures under controlled conditions. Bull.
Environ. Contam Toxicol. 44: 149-157.

211



Noel - Lanbot, F., et al. 1980. Cadm um zinc, and copper accunulation in
linpets (Patella vulgata) fromthe British channel and special reference to
nmet al | ot hi oneins. Mar. Ecol. Progress Series 2: 81.

Nol an, C. V. and E.J. Duke. 1983. Cadmi um accumrul ation and toxicity in Mtilus
edulis: involvenent of netall othioneins and heavy nol ecul ar wei ght protein.
Aquat . Toxicol. 4: 153.

Noraho, N. and J.P. Gaur. 1995. Effect of cations, including heavy netals, on
cadm um upt ake by Lemma polyrhiza L. BioMetals. 8: 95-98.

Norey, C G, MW Brown, A Cyer and J. Kay. 1990a. A conparison of the
accunul ation, tissue distribution and secretion of cadmiumin different
speci es of freshwater fish. Conp. Biochem Physiol. 96C(1): 181-184.

Norey, C. G, A Cryer and J. Kay. 1990b. Cadm um uptake and sequestration in
t he pi ke (Esox lucius) Conmp. Biochem Physiol. 95C(2): 217-221.

Not enboom J., K  Cruys, J. Hoekstra and P. Van Beelen. 1992. Effect of

anbi ent oxygen concentration upon the acute toxicity of chlorophenols and
heavy netals to the groundwater copepod Parastenocaris germani ca (crustacea).
Ecot oxi col . Environ. Safe. 24: 131-143.

Nott, J.A and A N colaidou. 1994. Variable transfer of detoxified netals
fromsnails to hermit crabs in marine food chains. Mar. Biol. 120: 369-377.

Nugegoda, D. and P.S. Rai nbow. 1995. The uptake of dissolved zinc and cadm um
by the decapod crustacean Pal aenon el egans. Mar. Pollut. Bull. 31(4-12): 460-

463.

O Hara, J. 1973a. The influence of tenperature and salinity on the toxicity of
cadmumto the fiddler crab, Uca pugilator. Fish. Bull. 71: 149.

O Hara, J. 1973b. Cadmi um uptake by fiddl er crabs exposed to tenperature and
salinity stress. Jour. Fish. Res. Board Can. 30: 846.

212



ONeill, J.G 1981. Effects of intraperitoneal |ead and cadni um on the hunora
i mmune response of Salnmo trutta. Bull. Environ. Contam Toxicol. 27: 42.

CGakley, S.M, et al. 1983. Accumul ati on of cadm um by Abareni col a pacifica.
Sci. Total Environ. 28: 105

Qin, M, F. R beyre and A Boudou. 1996. Tenperature and pH effects on
cadm um and net hyl mercury bi oaccunul ati on by nynphs of the burrowi ng mayfly
Hexagenia rigida, fromwater colum or sedinment source. Arch. Environ. Contam
Toxi col . 31: 339-349.

Qin, M, F. R beyre and A Boudou. 1997. Depuration processes after exposure
of burrowi ng mayfly nynphs (Hexagenia rigida) to nmethylmercury and cadm um
fromwater colum or sedinment: effects of tenperature and pH Aquat. Toxi col
37: 125-137.

O kari, A, J. Kukkonen and V. Virtanen. 1992. Acute toxicity of chemcals to
Daphnia magna in humc water. Sci. Total Environ. 117/118: 367-377.

g aveer, E., et al. 1980. On the effect of copper, cadm um and zinc on the
enbryoni ¢ devel opnent of Baltic spring spawni ng herring. Finnish Mar. Res.
247: 135.

kanmoto, O K, C S. Asano, E. Aidar and P. Col epicolo. 1996. Effects of
cadm um on growt h and superoxi de di snutase activity of the marine mcroal ga
Tetraselms gracilis (Prasinophyceae) J. Physiol. 32: 74-79.

Oesen, T.ME and J.M Weks. 1994. Accunul ation of Cd by the marine sponge
Hal i chondri a pani cea Pallas: effects upon filtration rate and its rel evance
for biomonitoring. Bull. Environ. Contam Toxicol. 52: 722-728.

Onuoha, G C., F.O Nwadukwe and E.S. Erondu. 1996. Conparative toxicity of
cadm umto crustacean zoopl ankton (copepods and ostracods) Environ. Ecol
14(3); 557-562.

Oronsaye, J. A O 1989. Histological changes in the kidneys and gills of the
stickl eback, Gasterosteus acul eatus L, exposed to dissolved cadm umin hard
wat er. Ecot oxi col ogy and Environnmental Safety. 17: 279-290.

213



Qutridge, P.M 1992. Conparing Cd toxicity tests with plants in nonocultures
and species mxtures. Bull. Environ. Contam Toxicol. 48: 344-351

Pal ackova, J., D. Pravda, K Fasaic and O Celechovska. 1994. Subletha
effects of cadmi umon carp (Cyprinus carpio) fingerlings. In:. R Miller and R
Ll oyd (eds.), Sublethal and chronic effects of pollutants on freshwater fish,
chapter 5, Fishing News Books, London: 53-61

Pal awski, D., J.B. Hunn and F.J. Dwyer. 1985. Sensitivity of young striped
bass to organic and inorganic contamnants in fresh and saline water. Trans.
Am Fish. Soc. 114: 748-753.

Pantani, C., G Pannunzio, M De Cristofaro, A-A Novelli and M Sal vatori
1997. Conparative acute toxicity of sone pesticides, netals, and surfactants
to Gammarus italicus Goedm and Echi noganmarus tibaldii Pink. and stock
(crustacea: anphipoda). Bull. Environ. Contam Toxicol. 59(6): 963-967.

Papat hanassi ou, E. 1983. Effects of cadmi um and nmercury ions on respiration
and survival of the common prawn Pal aenbn serratus (pennant). Rev. Int.
Cceanogr. Med. 72: 21-35.

Papat hanassi ou, E. 1986. Cadm um Accumul ati on and ultrastructural alterations
i n oogenesis of the prawn Pal aenon serratus (pennant). Bull. Environ. Contam
Toxicol . 36: 192-198.

Papout sogl ou, S.E. and P.D. Abel. 1988. Sublethal toxicity and accumul ati on of
cadmiumin Tilapia aurea. Bull. Environ. Contam Toxicol. 41: 404-411

Papout sogl ou, S.E. and D. Abel. 1993. Studies on the lethal and subl etha

ef fects of cadm um on some commercially cultured species of the Mediterranean
In: Final Reports on Projects (activity G, UNEP Mediterranean Action Pl an,

At hens, Greece. MAP Tech. Rep. Ser. No. 48: 33-43.

Pardue, WJ. and T.S. Wod. 1980. Baseline toxicity data for freshwater bryoza
exposed to copper, cadm um chromum and zinc. Jour. Tennessee Acad. Sci. 55:

27.

Park, E.H, H H Chang, WN. Joo, H S. Chung and H S. Kwak. 1994. Assessnent
of the estuarine hermaphroditic fish Rivulus marnoratus as a useful euryhaline

214



species for acute toxicity tests as shown using cadmi um Can. J. Fish. Aquat.
Sci. 51: 280-285.

Parker, J.G 1984. The effects of selected chem cals and water quality on the
mar i ne pol ychaete Ophryotrocha di adema. Water Res. 18: 865.

Pascoe, D. and P. Cram 1977. The effect of parasitismon the toxicity of
cadmumto the three-spined stickleback, Gasterosteus aculeatus L. Jour. Fish.
Biol. 10: 467.

Pascoe, D. and D.L. Mattey. 1977. Studies on the toxicity of cadmumto the
t hree-spi ned stickl eback Gasterosteus acul eatus L. Jour. Fish. Biol. 11: 207.

Pascoe, D. and NN.A-M Shazili. 1986. Episodic pollution - a conparison of
brief and conti nuous exposure of rainbow trout to cadm um Ecot oxi col
Environ. Safety. 12: 189-198.

Pascoe, D., S.A Evans and J. Wodworth. 1986. Heavy netal toxicity to fish
and the influence of water hardness. Arch. Environ. Contam Toxicol. 15: 481-
487.

Pascoe, D., KA Wllians and DDWJ. Geen. 1989. Chronic toxicity of cadm um
to Chirononus riparius Meigen - effects upon |arval devel opnment and adul t
energence. Hydrobiol ogia. 175: 109-115.

Pascoe, D., A.F. Brown, B.MJ. Evans and C. McKavanagh. 1990. Effects and fate
of cadm umduring toxicity tests with Chironormus riparius - the influence of
food and artificial sedinment. Arch. Environ. Contam Toxicol. 19: 872-877.

Pauli, W and S. Berger. 1997. Toxi col ogi cal conparisons of Tetrahynena
species, end points and growth nedi a: supplenentary investigations to the
pilot ring test. Chenosphere. 35(5): 1043-1052.

Pavicic, J., M Skreblin, |I. Kregar, M Tusek-Znidaric and P. Stegnar. 1994.
Enbryo-1 arval tol erance of Mytilus galloprovincialis, exposed to the el evated
sea water netal concentrations - |I. Toxic effects of Cd, Zn and Hg in relation
to the nmetall othionein level. Conp. Biochem Physiol. 107C(2): 249-257.

215



Pawl i k, B. and T. Skowronski. 1994. Transport and toxicity of cadmum its
regul ation in the cyanobacterium Synechocystis aquatilis. Environ. Exp. Bot.
34(2): 225-233.

Paw i k, B., T. Skowonski, Z. Ramazanow, P. Gardestrom and G Sanuel sson
1993. pH dependent cadmi um transport inhibits photosynthesis in the
cyanobact eri um Synechocystis aquatilis. Environ. Exp. Bot. 33(2): 331-337.

Pecon, J. and E.N. Powell. 1981. Effect of the amino acid histidine on the
upt ake of cadmium fromthe digestive systemof the blue crab, Callinectes

sapidus. Bull. Environ. Contam Toxicol. 27: 34.

Pedersen, F. and G 1. Petersen. 1996. Variability of species sensitivity to
conpl ex m xtures. Water Sci. Tech. 33(6): 109-119.

Pelgrom SSMGJ., L.P.M Laners, J.AM Garritsen, BB.M Pels, R A C Lock,
P.HM Balmand S.E. W Bonga. 1994. Interactions between copper and cadm um
during single and conbi ned exposure in juvenile tilapia O eochroms

nmossanbi cus: influence of feeding condition on whole body nmetal accunul ation
and the effect of the netals on tissue water and ion content. Aquat. Toxi col
30: 117-135.

Pelgrom SSMGJ., RAC Lock, PPHM Balmand S.E.W Bonga. 1997. Cal cium
fluxes in juvenile tilapia, Oeochrom s nossanbi cus, exposed to subletha
wat erborne Cd, Cu or m xtures of these netals. Environ. Toxicol Chem 16(4):
770-774.

Pellegrini, M, An. Laugier, M Sergent., R Phan-Tan-Luu, R Valls and L
Pell egrini. 1993. Interactions between the toxicity of the heavy netals
cadm um copper, zinc in conbinations and the detoxifying role of calciumin
the brown al ga Cystoseira barbata. J. Appl. Phycol. 5: 351-361

Penni ngton, C.H, et al. 1982. Contam nant levels in fishes fromBrown’ s Lake,
M ssi ssippi. Jour. M ssissippi Acad. Sci. 27: 139.

Penttinen, S., J. Kukkonen and A. G kari. 1995. The kinetics of cadmumin
Daphni a magna as affected by hum c substances and water hardness. Ecot oxi col
Environ. Safety. 30: 72-76.

216



Penttinen, S., A Kostanp and J.V.K Kukkonen. 1998. Conbined effects of
di ssol ved organic material and water hardness on toxicity of cadmumto
Daphni a magna. Environ. Toxicol. Chem 17(12): 2498-2503.

Pereira, J.J., R Mercaldo-Alen, C Kuropat, D. Luedke and G Sennefel der.
1993. Effect of cadm um accunul ation on serumvitellogenin |evels and
hepat osomati ¢ and gonadosomati c i ndices of wi nter flounder (Pl euronectes

anericanus). Arch. Environ. Contam Toxicol. 24: 427-431.

Perez-Coll, C. S. and J. Herkovits. 1996. Stage-dependent uptake of cadm um by
Buf o arenarum enbryos. Bull. Environ. Contam Toxicol. 56: 663-669.

Pesch, GG and NE Stewart. 1980. Cadmiumtoxicity to three species of
estuarine invertebrates. Mar. Environ. Res. 3: 145.

Pesonen, M And T.B. Andersson. 1997. Fish primary hepatocyte culture; and
i nportant nodel for xenobiotic netabolismand toxicity studies. Aquat.
Toxi col . 37: 253-267.

Peterson, H G 1991. Toxicity testing using a chenostat-grown green al ga,

Sel enastrum capricornutum In: J.W Garoch, WK Lower, W Wang and MA. Lew s
(eds.), Plants for toxic assessnent, 2" Vol ume, ASTM STP 1115, Phil adel phi a,
PA: 107-117.

Peterson, H G, F.P. Healey and R Wagemann. 1984. Metal toxicity to algae: a
hi ghly pH dependent phenonmenon. Can. J. Fish. Aquat. Sci. 41: 974-979.

Peterson, R H, et al. 1983. Effects of cadm umon yolk utilization, grow h,
and survival of atlantic salnon alevins on newy feeding fry. Arch. Environ.
Contam Toxicol. 12: 37.

Peterson, RH, J.L. Metcalfe and S. Ray. 1985. Uptake of cadm um by eggs and
alevins of atlantic salnmon (Sal o salar) as influenced by acidic conditions.

Bull. Environ. Contam Toxicol. 34: 359-368.

Phel ps, H L. 1979. Cadmium sorption in estuarine nud-type sedi nent and the

accunul ation of cadmumin the soft-shell clam Ma arenaria. Estuaries 2: 40.

217



Phillips, D.J.H 1976. The common nussel Mtilus edulis as an indicator of
pol lution by zinc, cadmum |ead and copper. |I. effects of environnenta
vari abl es on uptake of nmetals. Mar. Biol. 38: 59.

Phillips, GR and R C Russo. 1978. Metal bioaccunulation in fishes and
aquatic invertebrates: a literature review EPA-600/3-78-103. Nationa
Techni cal Information Service, Springfield, Virginia.

Phi pps, GL. and GW Hol conbe. 1985. A nethod for aquatic multiple species
toxicant testing: acute toxicity of 10 chemicals to 5 vertebrates and 2
i nvertebrates. Environnmental Pollution (Series A). 38: 141-157.

Phipps, GL., V.R Mittson, GT. Ankley. 1995. Relative sensitivity of three
freshwat er benthic macroi nvertebrates to ten contam nants. Arch. Environ
Contam Toxicol. 28: 281-286.

Pickering, QH and MH Gast. 1972. Acute and chronic toxicity of cadmumto
t he fathead m nnow (Pi nephal es pronel as) Jour. Fish. Res. Board Can. 29: 1099.

Pi ckering, QH and C. Henderson. 1966. The acute toxicity of sonme heavy
metals to different species of warmmvater fishes. Air Water Pollut. Int. Jour
10: 453.

Playle, RC, D.G D xon and K Burnison. 1993a. Copper and cadm um binding to
fish gills: estimtes of nmetal-gill stability constants and nodel ling of netal
accunul ation. Can. J. Fish. Aquat. Sci. 50: 2678-2687.

Playle, RC, D.G D xon and K Burnison. 1993b. Copper and cadm um binding to
fish gills: nmodification by dissolved organic carbon and synthetic |igands.
Can. J. Fish. Aquat. Sci. 50: 2667-2677.

Polar, E. And R Kucukcezzar. 1986. Influence of sone netal chelators and
Iight regimes on bioaccunulation and toxicity of Cd? in duckweed (Lema
gi bba). Physiol. Plant 66: 87-93.

Pol doski, J.E. 1979. Cadmi um bi oaccunul ati on assays. Their relationship to

various ionic equilibria in Lake Superior water. Environ. Sci. Technol. 13:
701.

218



Postma, J.F. and C. Davids. 1995. Tol erance induction and life cycle changes
i n cadm um exposed Chirononus riparius (diptera) during consecutive
generation. Ecotoxicol. Environ. Safety. 30: 195-202.

Postma, J.F., MC Buckert-de Jong, N Staats and C. Davids. 1994. Chronic
toxicity of cadm umto Chirononus reparius (diptera: chironom dae) at
different food levels. Arch. Environ. Contam Toxicol. 26: 143-148.

Postma. J.F., P. Van Nugteren and M B. Buckert-De Jong. 1996. Increased
cadmi um excretion in metal -adapted popul ati ons of the m dge Chirononus
riparius (Diptera). Environ. Toxicol Chem 15(3): 332-339.

Poul sen, E., et al. 1982. Accunul ation of cadm um and bi oenergetics in the
mussel Mytilus edulis. Mar. Biol. 68: 25.

Poulton. B.C., D.P. Munda, D.F. Wodward, ML.WIdhaber and WG Brunbaugh.
1995. Rel ations between benthic community structure and nmetal s concentrations
in aquatic macroinvertebrates: Cark Fork River, Mntana. J. Freshwater Ecol.
10(3): 277-293.

Prasad, MN. V., K Drej, A Skawi nska and K Stralka. 1998. Toxicity of

cadm um and copper in Chlanmydononas reinhardtii wild-type (W2137) and cell
wal | deficient mutant strain (CM5). Bull. Environ. Contam Toxicol. 60: 306-
311.

Presing, M, K V. Balogh and J. Sal anki. 1993. Cadm um upt ake and depuration
in different organs of Lymaea stagnalis L. And the effect of cadmi umon the
natural zinc level. Arch. Environ. Contam Toxicol. 24: 28-34.

Prevot, P. and M O Soyer-Gobillard. 1986. Conbi ned acti on of cadm um and
sel eniumon two marine dinoflagellates in culture, Prorocentrum m cans Ehrbg.

and Crypthecodi ni um cohnii Biecheler. J. Protozool. 33(1): 42-47.

Pringle, B.H, et al. 1968. Trace netal accunul ation by estuarine nol | usks.
Am Soc. Cvil Eng., Jour. Sanit. Eng. Div. 94: 455,

219



Pynnonen, K. 1995. Effect of pH, hardness and naternal pre-exposure on the
toxicity of Cd, Cu and Zn to the glochidial |arvae of a freshwater clam
Anodont a cygnea. Water Res. 29(1): 247-254.

Qchen, C., Z Kejien and Z. Guanwen. 1988. A conprehensive investigation of
the toxic effects of heavy netals on fish. J. Fish. Chinal/Shuichan Xuebao
(Chi.) (Eng. Trans.) (Author conmunication used). 12(1): 21-33.

Qureshi, S. A, et al. 1980. Acute toxicity of four heavy nmetals to benthic
fish food organisns fromthe river Khan, Ujain. Int. Jour. Environ. Studies
15: 59.

Rachlin, J.W and A Gosso. 1991. The effects of pH on the growth of
Chlorella vulgaris and its interactions with cadm umtoxicity. Arch. Environ.
Contam Toxicol. 20: 505-508.

Rachlin, J.W and A G osso. 1993. The growth response of the green al ga
Chlorella vulgaris to conbi ned dival ent cation exposure. Arch. Environ.
Contam Toxicol . 24:16-20.

Rachlin, J.W, et al. 1982. The grow h responses of Chlorella saccharophila,
Navi cul a incerta and Nitzschia closteriumto selected concentrations of
cadmum Bull. Torrey Bot. Cub 109: 129.

Rachlin, J.W, et al. 1984. The toxicol ogi cal response of the al gae Anabaena

fl os-aquae (Cyanophyceae) to cadm um Arch. Environ. Contam Toxicol. 13: 143.

Radetski, C M, J.F. Ferard and C. Blaise. 1995. A semistatic m cropl at e-based
phytotoxicity test. Environnmental Toxicology and Chemistry. 14(2): 299-302.

Radi x, P., M Leonard, C Papantoniou, G Roman, E. Saouter, S. Gllotti-
Schmitt, H Threbaud and P. Vasseur. 1999. Conpari son of Brachi onus
calyciflorus 2-D and m crotox® chronic 22-h tests with Daphnia magna 21-D test
for chronic toxicity assessnent of chemicals. Environ. Toxicol. Chem 18(10):
2178-2185.

Rai, UN, RD Tripathi, S Sinha and P. Chandra. 1995. Chrom um and cadm um
bi oaccunul ation and toxicity in Hydrilla verticillata (I.f.) Royle and Chara
corallina WIldenow. J. Environ. Sci. Health. A30: 537-551.

220



Rai nbow, P.S. 1985. Accumul ation of Zn, Cu and Cd by crabs and barnacl es.
Estuarine Coastal Shelf Sci. 21: 669-686.

Rai nbow, P.S. and M K H Kwan. 1995. Physi ol ogi cal responses and the uptake of
cadm um and zi nc by the anphi pod crustacean O chestia ganmmarel | us. Mar. Ecol
Prog. Ser. 127: 87-102.

Rai nbow, P.S. and S.L. Wite. 1989. Conparative strategies of heavy netal
accunul ati on by crustaceans: zinc, copper and cadm umin a decapod, and
anphi pod and a barnacle. Hydrobiol. 174: 245-262.

Rai nbow, P.S., et al. 1980. Effects of chelating agents on the accumul ation of
cadm um by the barnacl e Sem bal anus bal anoi des, and the conpl exati on of
soluble Cd, Zn and Cu. Mar. Ecol. Progress Series 2: 143.

Ral ph, P.J. and M D. Burchett. 1998. Photosynthetic response of Hal ophil a

ovalis to heavy netal stress. Environ. Pollut. 103: 91-101

Ramachandran, S., T.R Patel and MH Col bo. 1997. Effect of copper and
cadm um on three Ml aysian tropical estuarine invertebrate |arvae. Ecotoxicol
Environ. Safety. 36: 183-188.

Ramamoort hy, S. and K. Blunmhagen. 1984. Uptake of Zn, Cd, and Hg by fish in
t he presence of conpeting conmpartnments. Can. Jour. Fish. Aquat. Sci. 41: 750.

Ranesha, AM, T.R C. Quptha, RJ. Katti, G Cowda and C. Lingdhal. 1996
Toxicity of cadmumto comon carp Cyprinus carpio (Linn.). Environ. Ecol
14(2): 329-333.

Ranesha, A M, T.R C. @Qupta, C Lingdhal, K V.B. Kumar, G Gowda and K. S
Udupa. 1997. Conbined toxicity of mercury and cadm umto the common carp
Cyprinus carpio (Linn.) Environ. Ecol. 15(1): 194-198.

Ramrez, P., G Barrera and C. Rosas. 1989. Effects of chrom um and cadm um

upon respiration and survival of Callinectes simlis. Bull. Environ. Contam
Toxi col . 43: 850-857.

221



Rao, J.I. and M N Madhyastha. 1987. Toxicities of sonme heavy netals to the
tadpol es of frog, Mcrohyla ornata (Duneril and Bi bron). Toxicol. Lett. 36:
205- 208.

Ray, S., et al. 1981. Accunul ation of copper, zinc, cadm umand |lead fromtwo
contam nated sedinents by three marine invertebrates - a | aboratory study.
Bull. Environ. Contam Toxicol. 25: 315.

Raynms-Keller, A, KE dson, M MGw, C. Oay, J.O Carlson and B.J. Beaty.
1998. Effect of heavy nmetals on Aedes aegypti (diptera: culicidae) |arvae.
Ecotoxi col . Environ. Safety. 39: 41-17.

Reader, J.P., N.C. Everall, MD.J. Sayer and R Morris. 1989. The effects of
eight trace netals in acid soft water on survival, mneral uptake and skeleta
cal cium deposition in yol k-sac fry of brown trout, Salnmp trutta L. J. Fish

Bi ol . 35: 187-198.

Rebhun, S. and A. Ben-Anotz. 1984. The distribution of cadm um between the
mari ne alga Chlorella stigmtophora and sea water medium Water Res. 18(2):
173-179.

Rebhun, S. and A. Ben-Anotz. 1986. Effect of NaC concentration on cadm um
upt ake by the halophilic alga Dunaliella salina. Mar. Ecol. Prog. Ser. 30:
215-219.

Rebhun, S. and A. Ben-Anpbtz. 1988. Antagonistic effect of maganese to cadm um
toxicity in the alga Dunaliella salina. Mar. Ecol. Prog Ser. 42: 97-104.

Reddy, P.S. and M Fingerman. 1994. Effect of cadm um chloride on anyl ase
activity in the red swanp crayfish, Procanbarus clarkii. Conp. Bi ochem
Physi ol . 109C(3): 309-314.

Reddy, P.S., S.R Tuberty and M Fingerman. 1997. Effects of cadm um and
mercury on ovarian maturation in the red swanp crayfish, Procanbarus clarkii.
Ecot oxi col . Environ. Safety. 37: 62-65.

Redmond, MS., KH Scott, RC Swartz and J.K P. Jones. 1994. Prelimnary
culture and life-cycle experinments with the benthic anphi pod Anpelisca abdita.
Environ. Toxicol. Chem 13(8): 1355-1365.

222



Rehwol dt, R, et al. 1972. The effect of increased tenperature upon the acute
toxicity of sone heavy netal ions. Bull. Environ. Contam Toxicol. 8: 91

Rehwol dt, R, et al. 1973. The acute toxicity of some heavy netals ions toward
bent hic organisns. Bull. Environ. Contam Toxicol. 10: 291

Rei chert, WL., et al. 1979. Uptake and netabolism of |ead and cadm umin coho
sal non (Oncor hynchus ki sutch). Conmp. Bi ochem Physiol. 63C 229.

Reid, S.D. and D.G MDonald. 1991. Metal binding activity of the gills of
rai nbow trout (Oncorhynchus nykiss). Can. J. Fish. Aquat. Sci. 48: 1061-1068.

Reinfelder, J.R and N S. Fisher. 1994a. The assimlation of elenments ingested
by mari ne pl anktonic bivalve | arvae. Limol. Qceanogr. 39(1): 12-20.

Reinfelder, J.R and N S. Fisher. 1994b. Retention of el enents absorbed by
juvenile fish (Menidia nenidia, Menidia beryllina) from zoopl ankton prey.
Li mol . Oceanogr. 39(8): 1783-1789.

Reinfelder, J.R, WX Wng, S.N. Luoma and N. S. Fisher. 1997. Assimlation
efficiencies and turnover rates of trace elements in marine bivalves: a
conpari son of oysters, clams and nussels. Mar. Biol. 129: 443-452.

Rei sh, D.J. 1993. Effects of nmetals and organi c conmpounds on survival and

bi oaccunul ation in two species of marine gammari dean anphi pod, together with a
summary of toxicol ogical research on this group. Journal of Natural History.
27: 781-794.

Reish, D.J. and J. A LeMay. 1991. Toxicity and bi oconcentration of netals and
organi ¢ conpounds by pol ychaeta. Ophelia Suppl. 5: 653-660.

Reish, D.J., et al. 1976. The effect of heavy netals on | aboratory popul ations
of two pol ychaetes with conparisons to the water quality conditions and

standards in Southern California nmarine waters. Water Res. 10: 299.

Reish, D.J., et al. 1978. Interlaboratory calibration experinments using the
Pol ychaet ous annelid Capitella capitata. Mar. Environ. Res. 1: 109.

223



Reish, D.J., S.L. Asato and J. A Lemay. 1988. The effect of cadm um and DDT on
the survival and regeneration in the anphi nom d pol ychaet e Eurythoe

conpl anata. In: Proc. 7'" Synp. Mar. Biol., June 1, 1988, LaPaz BCS, Mexi co:
107-111.

Renmacle, J., et al. 1982. Cadmumfate in bacterial mcrocosnms. Water Air Soil
Pol [ ut. 18: 455.

Reynol dson, T.B., P.. Rodriguez and M M Madrid. 1996. A conparison of
reproduction, growh and acute toxicity in two popul ations of Tubifex tubifex
(Mul'ler, 1774) fromthe North Anerican great |akes and Northern Spain.

Hydr obi ol . 334: 199-206.

Rhodes, L., E. Casillas, B. MKnight, W Gonlund, M Mers, OP. dson and B.
McCain. 1985. Interactive effects of cadm um polychlorinated bi phenyls, and
fuel oil on experinmentally exposed English sole (Parophrys vetulus). Can J.

Fi sh. Aquat. Sci. 42: 1870-1880.

Ri bo, J.M 1997. Interlaboratory conparison studies of the |um nescent
bacteria toxicity bioassay. pp. 283-294.

Rice, D.L. 1984. A sinple mass transport nodel for netal uptake by marine
macr oal gae growing at different rates. Exp. Mar. Biol. Ecol. 82: 175-182.

Richelle, E, Y. Degoudenne, L. Dejonghe and G Van de VWyver. 1995.
Experinmental and field studies on the effect of selected heavy netals on three
freshwat er sponge species: Ephydatia fluviatilis, Ephydatia ruelleri and
Spongilla lacustris. Arch. Hydrobiol. 135(2): 209-231.

Ridlington, J.W, et al. 1981. Metall othionein and Cu-chel ati on:
characterization of netal-binding proteins fromthe tissues of four marine
ani mal s. Conp. Bi ochem Physiol. 70B: 93.

Rifici, LM, D.S Cherry. J.L. Farris and J. Cairns, Jr. 1996. Acute and
subchronic toxicity of nmethylene blue to |larval fathead nmi nnows (Pinmephal es
promelas): inplications for aquatic toxicity testing. Environmental Toxicol ogy
and Chemistry. 15(8): 1304- 1308.

224



Riisgard, H V., E. Bjornestad and F. Mhl enberg. 1987. Accunul ati on of cadm um
in the nussel Mytilus edulis: kinetics and inportance of uptake via food and
sea water. Mar. Biol. 96: 349-353.

Ri ngwood, A. H. 1989. Accumul ation of cadm um by |arvae and adults of an
Hawai i an bi val ve, 1sognonon californicum during chronic exposure. Mar. Biol
102: 499-504.

Ri ngwood, A.H. 1990. The relative sensitivities of different |life stages of
| sognonon californicumto cadmumtoxicity. Arch. Environ. Contam Toxi col
19: 338-340.

Ri ngwood, A.H. 1992a. Conparative sensitivity of ganetes and early

devel opnent al stages of a sea urchin species (Echinonmetra mathaei) and a
bi val ve speci es (lIsognonon californicum during nmetal exposures. Arch
Environ. Contam Toxicol. 22: 288-295.

Ri ngwood, A. H. 1992b. Effects of chronic cadm um exposures on growth of |arvae
of an Hawaiian bival ve, |Isognonon californicum 1992. Mar. Ecol. Prog. Ser
83: 63-70.

Ri ngwood, A. H. 1993. Age-specific differences in cadm umsensitivity and
bi oaccunul ation in bivalve nolluscs. Mar. Environ. Res. 35: 35-39.

Ritterhoff, J., GP. Zauke and R Dallinger. 1996. Calibration of the
est uari ne anphi pods, Gammarus zaddachi Sexton (1912), as biononitors:

t oxi coki netics of cadm um and possi ble role of inducible netal-binding
proteins in Cd detoxification. Agquat. Toxicol. 34: 351-369.

Roberts, K S., et al. 1979. A high nol ecul ar-wei ght cadm um bi ndi ng fraction
isolated fromthe |iver cytosol of trout exposed to environnmentally rel evant
concentrations of the netal. Trans. Biochem Soc. London. 7: 650.

Roch, M and J.A. MCarter. 1984. Metall othionein induction, growh, and

survival of chinook sal non exposed to zinc, copper, and cadm um Bull
Environ. Contam Toxicol. 32: 478-485.

225



Roch, M and E. J. Maly. 1979. Relationship of cadm uminduced hypocal cem a
with nortality in rainbowtrout (Salno gairdneri) and the influence of
tenperature on toxicity. Jour. Fish. Res. Board Can. 36: 1297.

Roesijadi, G And G W Fellingham 1987. Influence of Cu, Cd, and Zn
preexposure on Hg toxicity in the nussel Mytilus edulis. Can. J. Fish. Aquat.
Sci. 44: 680-684.

Ronbough, P.J. 1985. The influence of the zona radiata on the toxicities of
inc, lead, mercury, copper and silver ions to enbryos of steelhead trout Sal no
gai rdneri. Conmp. Biochem Physiol. 82C(1): 115-117.

Ronbough, P.J. and E.T. Garside. 1982. Cadmiumtoxicity and accumul ation in
eggs and alevins of Atlantic salnmon Salnmo salar. Can. Jour. Zool. 60: 2006.

Ronbough, P.J. and E.T. Garside. 1984. Disturbed ion bal ance in al evins of
Atlantic salnmon Sal no sal ar chronically exposed to subl ethal concentrations of
cadmium Can. J. Zool. 62: 1443-1450.

Romeo, M and M Gnassia-Barelli. 1995. Metal distribution in different
tissues and in subcellular fractions of the Mediterranean cl am Ruditapes
decussatus treated with cadm um copper, or zinc. Conp. Biochem Physiol
111C:. 457-463.

Rosas, C. And P. Ramirez. 1993. Effect of chrom um and cadm um on the thermal
tol erance of the prawn Macrobrachi umrosenbergii expose to hard and soft
water. Bull. Environ. Contam Toxicol. 51: 568-574.

Roseman, E.F., E.L. MIls, M Rutzke, WH. Gutenmann and D.J. Lisk. 1994,
Absorption of cadm umfromwater by north American zebra and quagga nussel s
(Bival via: dreissenidae). Chenpsphere. 28(4): 737-743.

Rosenberg, R and J.D. Costlow 1976. Synergistic effects of cadm um and
salinity conbined with constant and cycling tenperatures on the | arval
devel opnent of two estuarine crab species. Mar. Biol. 38: 291

Rosko, J.J. and J.W Rachlin. 1977. The effect of cadm um copper, nercury,
zinc and |l ead on cell division, growh, and chloropyll a content of the
chl orophyte Chlorella vulgaris. Bull. Torrey Bot. Cub 104: 226.

226



Roul eau, C, M Block and H Tjalve. 1998. Kinetics and body distribution of
wat er borne %zn(I11), 9Cd(11), 2Hg(ll), and CH;2°*Hg(I1) in phantom m dge

| arvae (Chaoborus americanus) and effects of conpl exi ng agents. Environ. Sci
Technol . 32: 1230-1236.

Roux, D.J., P.L. Kenpster, E. Truter and L. van der Merwe. 1993. Effect of
cadm um and copper on survival and reproduction of Daphnia pul ex. Water SA.
19(4): 269-274.

Rubi nstein, N1., et al. 1983. Accumul ation of PCBs, nercury and cadm um by
Nereis virens, Mercenaria nercenaria and Pal aenontes pugi o from cont am nat ed
har bor sedi ments. Aquat. Toxicol. 3: 249.

Safadi, R S. 1998. The use of freshwater planarians in acute toxicity test
wi th heavy netals. Verh. Internat. Verein. Limol. 26: 2391-2392

Sajwan, K. S. and WH. Ornes. 1994. Phytoavailability and bi oaccunul ati on of
cadm um in duckweed plants (Spirodela polyrhiza L. Schleid). J. Environ. Sci
Heal th. A29(5): 1035-1044.

Sanchiz, C., A°M Garcia-Carrascosa and A Pastor. 1999. Bioaccunul ati on of
Hg, Cd, Pb and Zn in four marine phanerogans and the alga Caul erpa prolifera
(Forsskal ) Lampuroux fromthe east coast of Spain. Bot. Mar. 42(2): 157-164.

Sandau, E., P. Sandau and O Pulz. 1996. Heavy netal sorption by m croal agae.
Acta Biotechnol. 16(4): 227-235.

Sangal ang, G B. and H. C. Freeman. 1979. Tissue uptake of cadm umin brook
trout during chronic subl ethal exposure. Arch. Environ. Contam Toxicol. 8:
77.

Sangal ang, G B. and MJ. O Halloran. 1972. Cadm uminduced testicular injury
and alterations of androgen synthesis in brook trout. Nature 240: 470.

Sangal ang, G B. and MJ. O Halloran. 1973. Adverse effects of cadm um on brook

trout testis and on in vitro testicular androgen synthesis. Biol. Reprod.
9: 394.

227



Sant i ago- Fandi no, V.J. R 1983. The effects of nickel and cadm umon the growth
rate of Hydra littoralis and an assessnment of the rate of uptake of ®N and
14C by the same organism Water Res. 17: 917

Santojanni, A, G Corbi and F. Sartore. 1998. Prediction of fecundity in
chronic toxicity tests on Daphnia magna. Water Res. 32(1): 3146-3156.

Sastry, K V. and V. Shukla. 1994. |Influence of protective agents in the
toxicity of cadmumto a freshwater fish (Channa punctatus). Bull. Environ
Contam Toxicol. 53: 711-717.

Sastry, K V. and K Sunita. 1982. Effect of cadm um and chrom umon the
i ntestinal absorption of glucose in the snakehead fish, Channa punct at us.
Toxicol. Letters. 10: 293.

Sauter, S., et al. 1976. Effects of exposure to heavy netals on sel ected
freshwater fish. Toxicity of copper, cadm um chrom umand |ead to eggs and
fry of seven fish species. EPA-600/3-76-105. National Technical Information
Service, Springfield, Virginia.

Sauvant, MP., D. Pepin, CA Goliere and J. Bohatier. 1995. Effects of
organi ¢ and inorgani c substances on the cell proliferation of L-929

Fi br obl asts and Tetrahynena toxicol ogi cal bioassays. Bull. Environ. Contam
Toxi col . 55: 171-178.

Sauvant, MP., D. Pepin, J. Bohatier, CA Goliere and J. CGuillot. 1997.
Toxicity assessment of 16 inorganic environnental pollutants by six bioassays.
Ecot oxi col . Environ. Safety. 37: 131-140.

Saxena, K K., A K Dubey and R R S. Chauhan. 1993. Experinmental studies on
toxicity of zinc and cadm umto Heteropneustes fossilis (Bl.) J. Freshwater
Biol. 5(4): 343-346.

Schaeffer, D.J., M Goehner, E. Gebe, L.G Hansen, K Hankenson, E. E
Herricks, G Matheus, A Mz, R Reddy and K. Tronmater. 1991. Eval uation of
the “reference toxicant” addition procedure for testing the toxicity of

envi ronnent al sanples. Bull. Environ. Contam Toxicol. 47: 540-546.

228



Schafer, H, A Wnzel, U Fritsche, G Roderer and W Traunspurger. 1993
Long-term effects of selected xenobiotica on freshwater green al gae:

devel opnent of a flowthrough test system The Science of the Tota

Envi ronnent, Suppl ement. pp. 735-740.

Schafer, H, H Hettler, U Fritsche, G Pitzen, G Roderer and A Wnzel
1994. Biotests using unicellular algae and ciliates for predicting |long-term
effects of toxicants. Ecotoxicol. Environ. Safety. 27: 64-81

Scherer, E., RE MN col and R E Evans. 1997. Inpairnment of |ake trout
foragi ng by chronic exposure to cadmi um a bl ack-box experinment. Aquatic
Toxi col ogy. 37: 1-7.

Schubauer-Berigan, MK., J.R D erkes, P.D. Monson and G T. Ankley. 1993. pH
dependent toxicity of Cd, Cu, Ni, Pb and Zn to Ceri odaphni a dubi a, Pinmephal es
promel as, Hyalella azteca and Lunbricul us vari egatus. Environmental Toxi col ogy
and Chemistry. 12: 1261-1266.

Schuster, C. N and B.H Pringle. 1969. Trace netal accumnul ation by the
American oyster, Crassostrea virginica. Proc. Natl. Shellfish Assoc. 59: 91

Scott, K J., et al. Manuscript. Toxicol ogical nethods using the benthic
anphi pod Ampelisca abdita MIls. U S. EPA Narragansett, Rhode Island.

Sedl acek, J., E.T. Gessing and T Kallqvist. 1989. Influence of different
aquatic humus fractions on uptake of cadm umto al ga Sel enastrum capri conutum
Printz. Sci. Total Environ. 81/82: 711-718.

Sehgal, R and A B. Saxena. 1987. Determination of acute toxicity |levels of
cadmumand lead to the fish Lebistes reticulatus (Peters). Int. J. Environ
Stud. 29: 157-161

Sekkat, N., A Le Du, J.M Jouany and M GQuerbet. 1992. Study of the
i nteracti ons between copper, cadm um and ferbam using the protozoan Col pi di um
canpyl um bi oassay. Ecotoxicol. Environ. Safety. 24: 294-300.

229



Selby, DA, J.M lhnat and J.J. Messer. 1985. Effects of subacute cadm um
exposure on a hardwater nmountain stream m crocosm Water Res. 19(5): 645-655.

Seyfreid, P.L. and C.B.L. Horgan. 1983. Effect of cadm um on | ade water
bacteria as determ ned by the luciferase assay of adenosine triphosphate. |n:
WE. Bishop, et al. (eds.), Aquatic Toxicol ogy and Hazard Assessnent: Sixth
Synposi um ASTM STP 802, American Society for Testing and Material s,

Phi | adel phi a, Pennsyl vania. p. 425.

Shannukhappa, H. and K. Neel akantan. 1990. Influence of humic acid on the
toxicity of copper, cadmumand |ead to the unicellular alga, Synechosystis
aquatilis. Bull. Environ. Contam Toxicol. 44: 840-843.

Sharma, MS. and C. S. Selvaraj. 1994. Zinc, |lead and cadmumtoxicity to
sel ected freshwater zooplankters. Poll. Res. 13(2): 191-201

Sharp, J.R and J.L. Kaszubski. 1989. The influence of exposure duration on
the enbryotoxicity of cadmumto the freshwater tel eost, Etheostoma
spectabile. Trace Subst. Environ. Health. 23: 277-289.

Shazili, NNA'M and D. Pascoe. 1986. Variable sensitivity of rainbow trout
(Sal mo gairdneri) eggs and alevins to heavy netals. Bull. Environ. Contam
Toxicol . 36: 468-474.

Shcherban, E.P. 1977. Toxicity of sonme heavy nmetals for Daphnia nagna Strauss,
as a function of tenperature. Hydrobiol. Jour. 13(4): 75.

Sheela, M, G Millika and S. Miniandy. 1995. Inpact of cadm um on food
utilization, growth and body conposition in the fish Oreochrom s nossanbi cus.
Environ. Ecol. 13(2): 410-414.

Sherman, R E., S.P. doss and L.W Lion. 1987. A conparison of toxicity test
conducted in the | aboratory and in experinental ponds using cadm um and the

fat head m nnow (Pi nmephal es pronelas). Wat. Res. 21(3): 317-323.

Shivaraj, KM and H'S. Patil. 1988. Toxicity of cadm um and copper to a
freshwater fish Puntius arulius. Environ. Ecol. 6(1): 5-8

230



Shukl a, J.P. and K Pandey. 1988. Toxicity and long termeffects of a
subl et hal concentrati on of cadm umon the growh of the fingerlings of
Ophi ocephal us punctatus (Bl.). Acta Hydrochim Hydrobiol. 16(5): 537-540.

Sick, L.V. and G Baptist. 1979. Cadm um i ncorporation by the mari ne copepod
Pseudodi apt onous coronatus. Limol. Cceanogr. 24: 453.

Si doumou, Z., M Gnassia-Barelli and M Ronmeo. 1997. Cadm um and cal ci um
uptake in the nollusc Donax rugosus and effect of a cal cium channel bl ocker.
Bull. Environ. Contam Toxicol. 58: 318-325.

Si noes- Goncal ves, ML.S., MF.C Vilhena and M A Sanpayo. 1988. Effect of
nutrients, tenperature and |ight on uptake of cadm um by Sel enastrum
capricornutumPrintz. Water Res. 22(11): 1429-1435.

Si noes- Goncal ves, ML.S., MF.C Vilhena, L.MV.F. Machado, C MR Pescada and
M L. de Moura. 1989. Effect of speciation on uptake and toxicity of cadmumto
shrinmp Crangon crangon (L.). Bull. Environ. Contam Toxicol. 43: 287-294.

Sinha, S, M Qpta and P. Chandra. 1994. Bi oaccunul ation and toxicity of Cu
and Cd in Vallisneria spiralis (L.). Environ. Mnit. Assess. 33(1): 75-84.

Skow onski, T. and M Przytocka-Jusi ak. 1986. Cadni um renoval by green al ga
Stichococcus bacillaris. Chenosphere. 15(1): 77-79.

Skow onski, T., M Jakubowski and B. Pawik. 1985. Cadmiumtoxicity to green
al ga Stichococcus bacillaris. Acta M crobiol ogi ca Pol oni ca. 34(3/4): 309.

Skow onski, T., B. Pawik and M Jakubowski. 1988. Reduction of cadm um
toxicity to green mcroal ga Stichococcus bacillaris by manganese. Bull.
Environ. Contam Toxicol. 41: 915-920.

Skowr onski, T., S. Szubinska, B. Pawlik, M Jakubowski, R Bilew cz and E
Cukrowsak. 1991. The influence of pH on cadmumtoxicity to the green al ga
Stichococcus bacillaris and on the cadmiumforns present in the culture
medi um Environ. Pollut. 74: 89-100.

Sloof, J.E., A Viragh and B. Van der Veer. 1995. Kinetics of cadm um uptake
by green algae. Water, Air Soil Pollut. 83: 105-122.

231



Sl oof f, W 1983. Benthic nacroinvertebrates and water quality assessnment: sone
t oxi col ogi cal considerations. Aquat. Toxicol. 4: 73.

Sl ooff, W and R Baersel man. 1980. Conparison of the useful ness of the
Mexi can axol ot h (Anbystoma nmexi canum) and the clawed toad (Xenopus |aevis) in
t oxi col ogi cal bi oassays. Bull. Environ. Contam Toxicol. 24: 439.

Slooff, WJ., et al. 1983. Conparison of the susceptibility of 22 freshwater
species to 15 chem cal compounds. |. (sub)acute toxicity tests. Aquat.
Toxicol. 4: 113.

Smith, D.P., J.H Kennedy and K L. Dickson. 1991. An evaluation of a naidid
ol i gochaete as a toxicity test organi sm Environnental Toxicol ogy and
Chem stry. 10: 1459-1465.

Smith, J.D., et al. 1981. Distribution and significance of copper, |ead, zinc
and cadmiumin the Corio Bay ecosystem Aust. Jour. Mar. Freshwater Res. 32:
151.

Smith, S. and MK H Kwan. 1989. Use of aquatic macrophytes as a bi oassay
met hod to assess relative toxicity, uptake and accumnul ated forns of trace
nmet al s. Hydrobi ol ogi a. 188/189: 345-351

Snokor owski, K. E., D.C. Lasenby and R D. Evans. 1998. Quantifying the uptake
and rel ease of cadm um and copper by the opossum shrinp Mysis relicta preying
upon t he cl adoceran Daphni a magna using stable isotope tracers. Can. J. Fish.
Aquat. Sci. 55: 909-915.

Snell, T.W and MJ. Carnona. 1995. Conparative toxicant sensitivity of sexua
and asexual reproduction in the rotifer Brachionus cal yciflorus. Environnenta
Toxi col ogy and Chemi stry. 14: 415-420.

Snell, T.W and B.D. Mffat. 1992. A 2-d life cycle test with the rotifer

Brachi onus cal yciflorus. Environmental Toxicology and Chemistry. 11: 1249-
1257.

232



Snell, T.W and G Persoone. 1989a. Acute toxicity bioassays using rotifers.
I. Atest for brackish and marine environments with Brachionus plicatilis.
Aquati c Toxicol ogy. 14: 65-80.

Snell, T.W and G Persoone. 1989b. Acute toxicity bioassays using rotifers.
I1. A freshwater test with Brachionus rubens. Aquatic Toxicol ogy. 14: 81-92.

Snell, T.W, B.D. Mffat, C. Janssen and G Persoone. 1991a. Acute toxicity
test using rotifers. I1l. Effects of tenperature, strain and exposure time on
the sensitivity of Brachionus plicatilis. Environmental Toxicol ogy and Water
Quality: An International Journal. 6: 63-75.

Snell, T.W, B.D. Mffat, C. Janssen and G Persoone. 1991b. Acute toxicity
tests using rotifers. Ecotoxicology and Environnmental Safety. 21: 308-317.

Sobahn, R and S. P.K Sternberg. 1999. Cadmi um renoval using cl adophora. J.
Environ. Sci. Health. A34(1): 53-72.

Sorvari, J. and M Sillanpaa. 1996. Influence of nmetal conplex formation on
heavy nmetal and free EDTA and DTPA acute toxicity deternm ned by Daphni a magna.
Chenosphere. 33(6): 1119-1127.

Sosnowski, S. and J. Centile. 1978. Toxicol ogi cal conparison of natural and
cul tured popul ations of Acartia tonsa to cadm um copper and mercury. Jour
Fi sh. Res. Board Can. 35: 1366.

Sovenyi, J. and J. Szakol czai. 1993. Studies on the toxic and
i mmunosuppressi ve effects of cadm umon the comobn carp. Acta Veterinaria

Hungarica. 41(3-4): 415-426.

Spehar, R L. 1976a. Cadm um and zinc toxicity to flagfish, Jordanella
floridae. Jour. Fish. Res. Board Can. 33: 1939.

Spehar, R L. 1976b. Cadm um and zinc toxicity to Jordanella floridae. EPA-
600/ 3- 76- 096. Nati onal Technical Information Service, Springfield, Virginia.

Spehar, R L. 1982. Menorandumto J.G Eaton. U S. EPA, Duluth, M nnesota
February 24.

233



Spehar, R L. and AR Carlson. 1984a. Derivation of site-specific water
quality criteria for cadmumand the St. Louis R ver Basin, Duluth, M nnesota.
PB84- 153196. National Technical Information Service, Springfield, Virginia.

Spehar, R L. and AR Carlson. 1984b. Derivation of site-specific water
quality criteria for cadmumand the St. Louis R ver Basin, Duluth, M nnesota.
Environ. Toxicol. Chem 3: 651

Spehar, R L. and J.T. Fiandt. 1986. Acute and chronic effects of water quality
criteria-based netal mxtures on three aquatic species. Environnenta
Toxi col ogy and Chemistry. 5: 917-931.

Spehar, R L., et al. 1978. Toxicity and bioaccumnul ati on of cadmumand lead in
aquatic invertebrates. Environ. Pollut. 15: 195.

Sprague, J.B. 1985. Factors that nodify toxicity. In: Fundanental s of aquatic
toxi cology. Rand, GM and S.R Petrocelli (eds.). Hem sphere Publishing
Company, New York, N. Y. pp.124-163.

Spry, D.J. and J.G Wener. 1991. Metal bioavailability and toxicity to fish
inlowalkalinity lakes: a critical review Environ. Pollut. 243-304.

Srivastava, A and K J. Appenroth. 1995. Interaction of EDTA and iron on the
accumul ation of Cd?* in duckweeds (Lemmaceae). J. Plant Physiol. 146: 173-176

St ackhouse, R A. and WH. Benson. 1988. The influence of hum c acid on the
toxicity and bioavailability of selected trace nmetals. Aquatic Toxicol ogy. 13:

99-108.

Stanley, R A 1974. Toxicity of heavy netals and salts to Eurasian water-
mlfoil (Myriophyllumspica